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FUNGUS 
DISEASES 


TRI- 


iii Tri-Basic 


COPPER SULFATE 


A chemically stable copper fungicide 
containing not less than 53% metal- 
lic copper . . - for spraying or dust- 
ing truck and citrus crops. Especially 
effective in controlling persistent fun- 
gus diseases through application of 
Tri-Basic Copper Sulfate before fun- 
gus attacks. 


COP-O-ZINK 

(A Neutral Copper-© 

Zinc Fungicide) & 
For disease control and prevention. & 
Particularly effective on potatoes. { 
Also on many vegetable and fruit 
crops, Cop-O-Zink is excellent for! 
correcting Copper and Zinc defici-& 
encies and for stimulating plant 
growth. Contain 48% Copper ond@ 





Ls ‘nutritional deficiencies 
ssand TRI-BASIC COPPER 


SULFATE to prevent and 


NUTRITIONAL 
DEFICIENCIES 


DUST 
MIXTURES 


Tennessee's Nu -Z, Nu - Iron 
and Tri-Basic Copper Sulfate 
are especially suited for use 
in preparing nutritional and 
fungicidal spray and dust mix 
tures. 


(Nutritional tron) 


A neutral Iron compound containing ! 


30% Iron as metallic. Chelated Iron 
10% as metallic—applied to foliage 
of plants for correction of Iron de- 


ficiencies. 
NU-Z 
(Nutritional Zine) 
Nu-Z contains 52% metallic zinc. Ap- 
plied directly to the plant in spray 
or dust form stimulates plant 
growth and corrects zinc deficiencies. 


NU-MANESE 

(Manganous Oxide) 
An extremely effective nutritional 
manganese product for correcting 
manganese deficiencies due to low 
manganese content of the soil . . . 
applied as a spray or dust to the 
foliage, direct broadcast to the soil 
or in mixed fertilizers. 


es -MIN -EL 
The ESsential MiNeral ELements — 


contains Manganese, Copper, Iron, 
Zinc, Boron and Magnesium, all es- 
sential to healthy, productive soil. 
Fruits and vegetables rich in vitamins 
cannot grow in soil poor in minerals. 
For soil application. Es-Min-El in 
spray or dust form for direct applica- 
tion to the plants is also available. 
Contains nutritional Manganese, Zinc 
and Copper. 

WE WILL CUSTOM MIX MINERAL 
MIXTURES TO YOUR OWN SPECIFI- 
CATIONS IN LARGE OR SMALL 


WESSEE ‘sa CORPORATION 





617-29 Grant Building, Atlanta, Georgie 
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ABS ERACTS OF PAPERS ACCEPTED FOR 


LNIVERSITY PARK. PENNSYLVANIA, 





cause and transmission of f e dwar} of oats and o} 
s of dwarfing in barle Bantrari, E. E., anp M. B. 


Voor A virus has been tra itted experimentally from 


to oats and to barley, and trom barley back to oats 


ind to barley by means of the six-spotted leafhopper, 
Wacrosteles tascitrons ()n the basis of symptoms, rep ated 
t transmission, and the lack of any other pathogen, it 


t } 


mcluded that the virus is the cause of blue dwart of 


and a dwart ot barley lt is proposed that it should 
illed the “oat blue dwarf virus.” Another disease of 
\ was found in whict thre plants were severely 
d, internodes tailed to elongate, and the leaves were 
l tightly backward The cause ippeare to De inother 
iione or in ¢ bination wit! he oat © dwart virus, 
t was transmitted by the same teathoppet 
fior £ ance from 
$s ar d hvorids differing ’ l epnowuity lo 
rella zeae. Barnes, J. M. The antibiotic assay dise 
xd was used in studies of the ! o response of the 
Fusari im stage ot Gibberella zeae Schw.) Petch to vari 


us crude extracts from tissues of corn inbreds and hybrids 
with known differential field response to the fungus, Eluates 


paper chromatograms of the extracts were also tested 


i bioassays. Of several extraction procedures tested, 


oxhlet ether extraction of freshly lyophilized root and 


tissue was most re atple Extracts from resistant and 
sceptible corn plant types did not differ in content of 


inhibiting substance when sampling was made at the 


silk stage Assays made periodically during the 2 
hs after silking indicated that the nhibiting sub 
e gradua dis ired in both corn types but that 





ite of loss was greater in susceptible than in resistant 


types The itive component was tungistatic, not 
ingicidal fungus transterred trom areas f inhibition to 
PDA grew as we as did transters tron ireas near the 
ontrol dises Ihe inhibitor was soluble n hot water, 
hot benzene, l-butanol, and 80 ethanol, and it 
d near the solvent front in butanol acetic-acid- water 

hit itograms 
he influence . moisture on the poinsettia root rots 


wan. D. I Ihe root rots of poinsettia Euphorbia 


herrima) caused by Thiela sis bast Rhizoctonia 
i. and Pythium ultimum were influenced markedly by 
olsture In tests where sou oisture was maintained 
lifferent levels (+3 when expressed as percentage of 
ire-holding capacity (MHC)) in a soil mixture con 
ng of ! sand, peal, and soil pH +0.3). The 
ent moisture levels were maintained by varying the 
! a sand-ver rulite edium (+ sand, ‘a vermicu 
ume) pbove a constant iter table Rooted cut 

il Barbara Becke supreme) were potted in 2.5-in 
pots and placed in moisture beds so that the rims of 
ts were flush with the irface of the sand-vermiculite 
The “ sture ! the pots was illowed to 

ibrate wit tha ! the eds betore inoculation 
iViopsis ¢ ised ppreciatte damage il 9% MHC . 
ilseast increased as moisture Wis increased 


70 MIH¢ above this, increase wu oisture levels 
al 
omture was 

slight 
HC. but 
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resistance to this disease 


in virulence, but no evidences 
was found 
Influence of soil moisture 


Bioom, J. R., 


Rutgers tomato varieties were 


fomato AND 
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showed that the isolates differed 


ot pathogeni specialization 


on root-knot development in 


H. B. Coucn. Pearson and 


grown with a split-root tech. 


nique. After permeation, one half of the root system of 
each plant was grown in soil held at field capacity (FC) 
by frequent irrigations, and the other half of each root 
system was held at the permanent wilting percentage 
(PWP). About 750 eggs of Veloidogyne hapla were added 
to each soil system. After 30 days, all of the roots grown 
it Ke and one half of the roots held at PWP were col- 
lected and knot counts per gram of fresh weight were 
made The remaining roots of the PWP series were. irri- 
gated to FC, held at this moisture stress for 30 additional 
days, and then rated for root knot incidence On both 
tomato varieties, knot counts were significantly higher on 
roots rown at FC. Counts on Rutgers were higher than 
those on Pearson, but not significantly so. Knots were 
ihsent or few on the roots in the PWP series for both 
varieties. The roots held 30 davs at PWP and then irri- 


gated for 30 days at FC did n 
in numbers of knots. It is co 
hapla hatch equally well at | 
the occurrence of less disease 


to the inability 


stress is due 
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run BRINKERHOFF, L. A. I 
acearum have been distinguished 
ferential varieties of cotton: 7 
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penicillin produced a mutant 
that attacked b Resistance streptomycin was retained 
ifter 4 st passages, whereas resistance to penicillin was 
Vecl ! actior 0 dodecviguantdaine acetate 
( ’ Brown, Irwin | In.. AND Htcu D. SIster 
The toxicity of n-dodeevlguanidine acetate (.yprex) to 
Sa es pastorianus Hansen is affected by the hy 
oven-lon concentration of the nedium \t pH levels of 
6.8. 6.0. and 5.1. the respective ED. values were 0.21. 
0.42, ] ind 4.2 ppm when the concentration of cells was 
tf LO” per m| When cells 1.1 lO’ ml) were exposed 
15 nutes to Cyprex at 10, 31.6, and 56.2 ppm, washed, 
nd fj ed, the respective nhibitions of co vy develop- 
ent w 9, 95, and 100 ( s (1.1% 1071 treated 
vith Cyprex (31.6 and 56.2 ppm) for 15 minutes, washed, 
ad esuspended in nutrient medi containing radioactive 
phosphorous “P) took up ttle r me P during the 
next 30 inutes. Cells similar reated with LO ppm re 
d 45 of the available P from. the edium Cells 
“ edium containing °2P and then treated with 
(‘yprex 10.0, 31.6. and 56.2) py ost 42.5, 64.3 and 
65.9% of their radiosctive phosphorous compounds. Thes 
pounds included sugar phosphates and phosphate 
derivatives that absorb at 260 he fungicide at 56.2 
ppm also caused the loss of 12-13 nore ninhvdrin-react 
ng s inces than could be extracted with 70 ethanol 
Cyprex at 56.2 and 31.6 pp eliminated beth endogenous 
I exe = respiration of S. pastorianus At 10.0 and 
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ed 
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nd 
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ed 
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5.6 ppm, respiration was reduced by 72.9 and 53.9%. re 
spectively. Inhibition of respiration correlated closely with 
inhibition of growth at these concentrations, Cyprex prob- 
ably acts nonspecifically, inactivating respiratory enzymes 
and altering permeability so as to effect loss of metabolites. 


Symptomatic, respiratory and biochemical responses of 
cucumber to scab infection. Burton, Crype L., AND 
DonaLp J. peZeeEUW. Environmental, respiration and chro- 
matographic studies of Cladosporium cucumerinum infec 
tion in cucumber leaf tissues were made to obtain informa- 
tion leading to an understanding of the mechanisms of dis 
ease resistance. Susceptible (Yorkstate and inbred CS2W) 
and resistant (Maine-2 and inbred CS2M) cucumber plants 
were grafted in all stock-scion combinations. After graft 
unions were firm, the tops were inoculated. Within 5 days 
all new growth on susceptible scion parts showed scab 
symptoms Resistant-type scion material was resistant. 
{ nder winter conditions, infection of the first true leaf 
of susceptible individuals was 2 days slower than in sum- 
mer. Both respiratory changes and tissue necrosis were 
fected. Plants grown under 300 ft-c artificial light also 


showed scab symptoms 2 days later than those under 900 
ft-« Ihe respiration studies indicate that respiration §re- 
sponses to infection were essentially local When half 


ves were ino ulated, only the infected parts showed il 





creased respiration. Samples for chromatographic analysis 
ot tree amino a ids were taken to parallel the respiration 
studies. The free amino acid constitution of the infected 
ind uninfected plants differed. Identification of the signif 
ials remains to be accomplished. 


{ micro-spray technique tor evaluating ow-volume ol 


hased sprays for disease control on Single banana leaves in 
the field. Catrouzos, L., T. THeis, W. A. Brun, Aanp ¢ 

COLBERG \ micro-spray technique has been developed tor 
evaluating low-volume oil sprays on banana leaves for the 
control of the Sigatoka leafspot disease This method 


employs an artist's airbrush connected by a hose to a 
regulator valve on a tank of compressed air. The spray oil 
is delivered to the airbrush by a pipette inserted into the 
fluid intake. Spray rates are accurate to the nearest 0.01 





ni The ( Is directed to the leaf surtace bv a cloth 
covered shield The micro-spray technique applies the 
same amount of oil to the leaf surfaces as is deposited at 
ommercial rates with ordinary spray equipment. The oi 
deposit on the spraved area is reproducible. For different 
oils, different spray rates are necessary to apply equal 
deposits on the leaves. This relatively simple technique at 
npts to combine the precision of elaborate laboratory 
spray techniques with the advantage of using field plants 
Effect f ou olume oil sprays studied on Cer ospora 
seases of several crops. Catrouzos, L., T. THets, anp ¢ 
COLBER Trials were made to determine whether an 
that controls Cercospora musae on bananas would also con 
rol other Cercospora diseases The following Cercospor 
species and their respective hosts were tested: ¢ personata 
peanuts: €. nicotianae, tobacco: C. zinniae, zinnia: and ¢ 
ar (,ramalote grass (Pani in maximun \ 
Lramalote For each crop, 2 treatments each containing 


25 infected replicate plants arranged in a randomized ce 


plete | h lesign were spraved weekly with a mist of 
inera The plants in one treatment were sprayed at 
the rate f 1.3 and the others at 5.1 @2 \ Data on dis 
ease incidence were collected 7—-l1l weeks after the first 
sprav application. None of the treat nts controlled any 
1 tr } Lercospora dise ases studied 

Fact fecting zoospore productior {nhanomvyces 
euteiche (CarMeN, LLanos M.. AND \ L. Lockwoop 
Mvycelia its grown in peptone brot were induced 
te y replacing the ed first with tap 
water 2 hours later with distilled water. Zoospores 
were dis f after 68 hours in distilled water Dis 

ed ved by tap water st f wed 
I dis i distilled w t Net ff. 


tive in inducing sporulation. Tap water alone strongly in 
hibited zoospore production. Highest numbers of zoospores 
were produced when the distilled replacement water was 
24°C. The temperature range 20-28° was most favorable 
for growing mycelium for zoos pore prod ction Mycelial 
dry weight was greatest for cultures grown at 28 Bub 
bling air through the replacement water increased numbers 
ot zoospores 2-4 times: up to 1.000.000 mospores per mi 
were produced by air treatment. An isolate that ordinarily 
produced few or no zoospores gave 150,000 zoospores per 
ml when air was bubbled through the replacement water 
Light did not affect zoospore production. More zoospores 
were produced from 5-day-old mycelial mats than from 


mats 3 days old; sporulation decreased with age in cultures 
older than 6 days. With 3-day-old cultures, higher zoospore 
concentrations were obtained with a minimur volume of 


distilled water, whereas with older cultures zo« spore con 


centrations were similar with different volumes t distilled 
water 


Behavior of haustoria of Puccinia gramir r. tritci 
CHAKRAVARTI, B. P.. anpb Herten Hart. In several wheats, 
haustoria of stem rust were observed in wheat epidermis 
immediately after entry of the rust germ tubes thre ugh the 


wheat stomata. In about 70% of cases the first haustoria 
formed in epidermal cells before mesophyll tissue of wheat 
was invaded by the rust hyphae. Haustoria continued to 
form in the epidermis in large numbers, in leaf hairs, and 
even in guard cells in certain resistant hosts. Haustoria of 
race 56 in mesophyll cells of Frontana wheat 7-9 days after 
inoculation caused the nucleus of the wheat cell to enlarge, 


move toward the rust haustorium, and gradually surround 
or engulf it Race 56 heavily invaded the mesophyll of a 
Frondose-Kenya wheat line and produced normal haustoria, 


but a distinct barrier resulting from changes and deposits 
in host cells restricted the rust lesion The occasional 
hyphae that penetrated the barrier grew appressed to the 
walls of mesophyll cells but tailed to form haustoria 
Stem rust intectibility and folerance to ster rust attach 
in wheat. CHuakravarti, B. P.. ann Heten Hart. Some 
new wheats vield well in spite of severe stem rust attack 
ind may have a tolerance to rust similar to the so-called 
“held resistance’ to late blight in potato varieties. Spring 
wheats were studied for 2 years in replicated held plots 


inoculated once at jointing time with stem rust race 15B, 
ind disease severity was controlled at zero, low, medium, 
and high levels by Parzate sprays. Rust severity and preva 
ence were recorded every 5-7 days between wheat jointing 


and harvest, on leaves, stems, and peduncles as well as on 


entire plants. In both years the initial leaf infections indi 
cated differences in infectibility of varieties: initial rust 
severity usually was 2-5 on Lee, Langdon, and Sentry 
wheats, but 10-15 on the susceptible Carleton. Seasonal 
increase of rust also was slower on Lee, Langdon, and 
Sentry than on Carleton Lee, Langdon, and Sentry tol- 
erated 50-70 stem rust somewhat better than did Carle- 
ton: they produced 80 of the yields (bu/A) and usually 
90 of the kernel weight of their respective controls, but 
Carleton produced only 40-60 vield and less than 85% 
f the kernel weight of its controls 


The effects of Meloidogyne incognita and M. hapla on 


the growth of Kenland red clover and Atlantic alfalfa. 
CuapmMan, Ricuarp A In greenhouse experiments, M 

yenita (southern root-knot nematode) reduced the 
vrowth of red clover 77 in 105 davs and 83 in 154 days 

s infested with 3000 and 1000 larvae per half-gallon, 
espectively, On the other hand, VW. incognita reduced the 
growth of alfalfa 2 in 175 days and 7 in 381 days in 
= nfested with 3000 and 1000 larvae per half-gallon, 
respective ly V neogznita reproduced well on both plants. 
V. hapla (northern root-knot nematode) reduced the 
growth of red clover 55 in 152 days and 40% in 317 days 
in soil infested with 3000 and 1000 larvae per half-gallon, 
respectively V ha reduced the growth of ilfalfa 58% 

175 davs and 42 n 381 davs in soil infested with 3000 
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genetic relationship 
we to the 2 viruses 


ilation of | 
s outcrossed to sus 


iat could re 


eptible i - produced segregation ratios 

flected ty ther i single pielotropir venice or 2 closely 
linked genes. Attempts were made to demonstrate linkage 
y the currence of recombinants 





Bloom 


elonmer dollar spot. Covcn, H 

Witl Wisconsin drip-culture system, with silica sand 

.< the supporting medium, Seaside bentgrass (Agrostis 
stris nd Kentucky bluegrass (oa pratensis) were 


t levels ot 


rown at various nutrition 


Post-emet 


nee , ition with Sclerotinia homeocarpa was accom 
p ished re iddition of aqueous myvyece suspensions 
yround the crowns of the plants When G wn under low 
nitrogen nutrition, with normal levels of phosphorous and 
tassiul ' inder low balanced nutrition, there was a 
significar ecrease in disease severity on both plant 
species With high levels of balanced nutrition, a signih 
int increase in severity of disease resulted. High or low 
evels of phosphorous and potassium did not influence dis 
ase deve ent Alteration of hvydrogen-ion tivity fi 
pH 4 to pH 10 lifferent nutritiona els, did not affec 
jisease proneness The influence of 5 s sture evels 
vtween field capacity and permanent w ! percentage 
I! (lise - I t opment was checked ryving I it ot 
rrigation J r to moculation Disease levelopment was 
significant reater with Irrigation practices that produced 
ohe - ture stresses, Le ills ! plants ) 
xtra i capacity and belov 
The olate I ( a 
ee ng Dligt ( \EY R P 
(har t heigt stand nd 1 f seed 5 
{ ' nes W10 and W22 we . ied in tl 
vreenhou Ii! single isolate of f graminearur 
re \l . i Missouri ind Nev Yor Eact solate 
duce ! ht about 2 in. at 15°C and 4 1n. at 20°¢ 
25°C. plant height was reduced 4 in. by the Minne 
- - ) hb the Missour : ite ind not at al 
the New York isolate. At 15°C and 20°C, stands were 
duce i 2 ind 52 by tl solates from Minne 
« \I . 1 Ne York ! ul ae ee 
‘ . luced 50 2 23 Roe t 
t he otf 2 isolates a i ind 20 ¢ \t 
Z.)°( \ York isolate did not i t rot. and tha 
ius \is= I Ss ile Was al t is s¢ ‘ 


ore¢ = rit ol root rot ! 
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method 
relative 


colonization 
tained their 
the pathogen in the absence of the host 


that the amendments re 


reducing the 


indicated 


position mn prevalence of 


Davis, 
solani 


on red beets 


Rhizoctonia 


ly teractions of damping-off fur 
Ropert A. anno Donato J. peEZeEEUW 
4. Pythium Fusarium sp. 126, 
designated R, P, and F, differed greatly 
Seed treatments 
steamed S). and 


Final stands 


ikl 
irregulare . and respec 
tively in patho 
compared in arti 
unsteamed (UU) muck 


showed that B-22555 


genicity on beets 
f infested, 


soil in the 


were 
wally 
uree nhouse 
sulfonate) 
DAC 


pave 


p-dimethylaminobenzenediazo sodium captan, 
ON49 (a 
most et- 

soils B-15080 
B-1843 (trans-1,2 
effective in P, PR, 
copper 
(methyl 
effective in R, and poor in P 
poor in R, P, RP, and I 
March 


‘ omparable to 


Tennam (manganous dithiocarbamate), and 


chlorinated heterocyclic sulfur compound} 


over-all protection in infested 


ective 


quinoneoxime benzoy! hydrazone). and 


bis(n-propyl sulfony ethvlene) 
PRE, and | 

pper 
lercury dicvandiamide 


or | 


“OllsS 


were 


é > 
soils but not in R= alone Omadine 


l-oxide) and P 


2-pyridinethione mogen 

were 

soils, uprous oxide was 

Amendment with FR 

damping-off by the R= and stands 
. | , 

in Sor | Inhibition of P by I 


with RP was similar to P 


during early reduced 
1] 

allowed 
was less evident 


those soils 


()madine cop 
in RP 


Infestation alone 


eT ind cuprous oxide seed treatments were eflective 


ly when F was also added 


soil on \ replanting of the same 
‘ils in April confirmed the antagonism of F to R hough 
RK was less and P more severe than before 
ly heritance ot ecrot oltle md resistant reactior lo 
ean vellow mosa rus ones of red clover. DIaAcnun, 
STEPHEN, AND Lawrence Henson, In populations of Ken 


} 


land red clover inoculated mechanically one time with bean 


vellow mosaic virus isolate 204-1. 30-50 of the plants 


After 4 or 5 reinoculations of the symp 


miess survivors, 85> 90 oft the plants ultimately became 
iottied. > 6 were ocallyv of svstemically necrotic, ind 
> 10 remained pt ess resistant} Lhe progenies 
from crosses between 2 selected necrotic-spotting clones, 2 


ing clones, and a mottling clone and a necrotic-spotting 


one indicated conditioned by i 


ingle dominant factor (N). The progenies from 


spotting is 


crosses 


P ) 


between 2 resistant nes, and trom crosses between a re 
stant clone and rttling ne segregated in manner 
iygesting that resistance determined by a single factor 
notvpes of lones used in the rosses appear to he 


‘ clo ( 
ottling clones KyC36 and KyC8-ll, nnrt ne 


rotic-spot 


tin clones KyCe ind KyC718 Nort resistant clone 
KyClOl, NoRr ind resistant clone KyC102, nnRr 

Emergence ot Pratyle yenetrans fr hard grass 
f DoLLiver | Es 6S he rate of emergence of 
Pratyvlenchus pene i! roots of orchard rass (Dac 
fy g merata) I ¢ wilt temperature I] to 24 ( 
Ch - ergence was ni ted iO hot-water treatments 
When roots were heated 10 inute it 4 ( nd then in 
bated 3 days mn «dist ed watet it 24 ‘ ergence was 

, chat from untreated roots, Longer treatments at 43 
sulted in more severe nhibition ilthoug! [ was not per 
nent After 9 i neubatior total emergence was 
same tro cl K I ts as from roots treated for as 

! - 50 minutes at 434 After 7 davs’ ir ibation at 24 
I ts incubated in flooded steamed or unsteamed soil (*%% 
sand » loam, pH 6.5) retained 5 times as many nematodes 
ipable of emergence as did roots incubated in tap water 
Dilute salt solutions also inhibited P. penetrar emergence 
After davs at 24 emergence in 0.1MW KNOw was ™ that 
\ ris oO ra }? ; ; r a hie ly te j 
S 1) LEA | \ surve { the phy gic race 
Peronospora manst ] the fungus ausiN down 
iew otf s re I nd ted R wes of the fun - 
solated fr por isted soybean seeds obtained 
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either acidihed 





percentage of plants infected in July, August, September, 
ind October of 1957 was 77, 85, 94, and 100, and in July, 
\ugust, and September of 1958 was 55, 71, and 69, respec- 
tively Axillary buds. leaf sheaths, and roots also were 
frequently infected. No consistent differences were evident 


t and susceptible varieties in trequency of 





T he esence of ce ase 7 t niected with 
I ariul monuttorme FoLtey, D. ¢ Sections (25-50 g) 
2 rn stalks intected with } sariun mor iforme were 
placed in 50 ml of distilled water and stirred 30 minutes in 


Waring Blendor, After filtration, the residue was washed 
witt 1) ml of distilled water, and the filtrates were com- 
ined and clarified by centrifugation. Proteins were pre- 
ited by slowly adding 400 ml of cold acetone at O°¢ 
\fter 12 hours, the acetone was removed by decanting and 


centrifuging. The precipitate was dried under partial vacu- 


1 it room temperature Soluble proteins were extracted 
idding 2 ml of distilled water and storing 12 hours at 
» 4 Dh samples were issaved for the presence of a 
enzyme (Cx) by measuring rate of change in 
iscositvy of 1.20¢ methylated cellulose tollowing the iddi 
; ] 


1 ml of prepared extract. Cx activity was much 
greater in nodal than in internodal tissue, and activity was 
demonstrated in both resistant (B14 (1103) and suscep- 
bole Hy L317) hybrids. It is possible that living 
sistant plants contain a Cx inhibitor not present in the 


prepared extract. Cx prepared trom either badly rotted 





stalks or from cultures of F. moniliforme grown on filter 

paper reduced the strength of excised corn rind strips 

during a 20-day incubation period, whereas incubation in 
sterile water for 9 months had no effect on strength. 

R ship of the bulb mit 208 s echinopus to 

rial scab of gladiolus. Forsperc, J. L. Bacterial seab 

f gladiolus, caused by Pseudomonas marginata, has been 


{ 


successfully controlled in cemmercial fields since 1954 by 
ipplying aldrin or heptachlor to the soil at planting time. 


This indicated that Ps. marginata is transmitted by soil in- 


sects of unknown identity. Clean and scabby corms planted 


n the greenhouse in raw soil from a field where scab had 
curred all produced scabby corms Clean and scabby 
orms planted in steamed soil produced clean corms. The 


ite Rhizoglyphus echinopus was found on all scabby 


corms. No mites were tound on clean corms. Ps. marginata 


developed on PDA plates te which mites had been trans- 
mit 


ferred Dhie ites multiplied rapidly on the PDA plates 
Severe scab developed on plants grown in soil infested with 
the cultured mites. Only a tew inor lesions de veloped on 
plar rown in soil to which a broth culture of Ps. mar 





ginata had been added. No scab developed on the control 
plants Mites on PDA plates were all dead 5 davs after 


) i;drin granules were scattered over he surtace of the 
C) a neu s disease fla FREDERIKSEN, R. A. 
R. W. Gotu A new rus disease, tentatively named 

flax rinkle.” was first observed or olunteer flax at St 
-a Minnesota. in the fa of 1956. In 1957 it was found 
flax fields examined in Minnesota and North and 

South Dakota In occasion helds 20 ot the plants were 
nfected. In so test plots at St. Paul in 1957, 64 of 
t | — were niected \ mere irteties of flax 
so fa sted are susceptible to crinkle is. Characteristi 
. ! < re protrusions t rregular ntervals on. the 
pr i ite! veins of he ipical eaves f the iin 
: tillers. The virus significantly reduces seed yield 
( virus Is transmitted by the six-spotted leafhopper 
VJ es ‘ rons ect { tl ster ows Virus. and 
lodder, Cuscuta sj \ttempts t nfect asters have 

f 1. and dodder growing on infected flax plants has not 
developed virus symptoms Numerous attempts to transmit 
rinkle virus mechanically have failed Flax plants inoc- 
ited wit! both aster vellows ind crinnkie Viruses de velop 

I rotic swelling of the ipica portions, a symptom not 
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Transmissi of oat blue dwarf virus to flax. BANTTARI 
FE. E., ano R. A. Frepertksen. The oat blue dwarf virus 
was experimentally transmitted from oats and barley plants 
the oat blue dwarf virus to flax in both held 
sal gree! use tests by means of the six-spotted leat 
honper. Macrosteles fascifrons. In flax the virus produces 
sympto = deseribed as crinkle by Frederiksen in the cur 

t m tax Dack 





1 e « uwiltioo! ry Sué FRIEDMAN 
B. A.. AND M. J. JAFFE The electrical conductance of w 
f ( rium aunty eaves niected by so! 
rot ba i Was measured with an impedance bridge using 
w-frequency alternating current of | ke per second 
l I vin cells or cultu hiitrates of Erwinia 
sp. and Ps¢ monas sp. resulted in increased Ussue cor 
‘u tance Eru a sp. caused a I e severe rot and 
1 greate! rease in conductance than did Pseudor s 
S| Ar : n tissue conductance was observed betor: 
sympt s d ped as well as lit ivance of the irgin 
ot visil esions Tissue injury resulted from the action 
{ pectolytic enzymes produced by the pathogens, since 
nonpectolytic strain of FP. marginalis was UU 
pable ising soit rot or cor ictal changes 
um. Futkerson, J. F. One well-know1 
haracterist f the alfalfa bacterial wilt organism Cory 
é Sul Is Its capacity to Cause the produc 
I | ie granules when cultured favorable test sub 
str s ~( tes tro ilfalfa-growin s in e United 
States. Canada, Italy, and U.S.S.R. have been similarly 
haracterized. A nongranule-producing tor was recently 
escribed by others, Normal blue isolates of C. insidi im 
seased fa growing in eastern United States 
have bee! ind infrequently to produce a lew white colo 
es, B iltiple selection white forms were obtained tha 
1ined stable in recycled culture for 9 months. In twi 
studies of pathogenicity of selected susceptible alfalfa 
nes, the white form was not found pathogenic, Growtl 
rates, color haracteristics other than granule formation 
ind ce lal morphology oft the white iorm were Similiar 
those | mon wild types ot ¢ y 
H an ee the o vil re 
/ “ eberry var Furton, R. H 
M. A. VEENSTRA Dy ant shoestr nfeected hard 
ittings ( iin a wate! t il rela 
ship s \fter treatment the were placed It 
e tor subsequent s | XPresslor d 
| ( nal temperature anges W ba C tie 
. 1) to 180 nutes nute intervals 
i inutes at | l é ils and 6 t 
a : 2 ute intervals ae nd 54°C fi 
nute inter S hh ¢ 98°C. ¢ ( 
2° 1, to 3 nutes ‘ te inte : 
\\ nts at 60 ¢ nutes and 62° ¢ 
e lethal t gs, The perce 
. n temperat é s ip] t 
nter 
} , tr , , pr 
FULTON, Rost W. Cucumbe t 
lons - after being hea i re | 
l stabi 7Zing s 5 per 
t < OOLW sodiur i ] bamate | 
PV y te HIV H 0 phospl 
\! - w-speed centritug Of var 
i y wa oT f tissue was 
xe supernatant and f 1 at slow speed 
I I was tl x h half ~ ic! 
anh at . nial A = ent After 
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slow-speed centrifugation of this mixture no apparent green 
material remained in the supernatant. Two cycles of low- 
speed (20 min. at 8000 G) and high-speed (2 hr, at 80,000 
G) centrifugation produced clear, glassy pellets. Suspen- 
sions of these pellets were highly infectious when assayed 
on Momordica balsamina and when inoculated to Prunus 
seedlings. No pellets were obtained from healthy tissue 
Purihed virus lost infectivity 
rapidly in distilled water. In 0.02M@ pH 8.0 phosphate 


buffer some infectivity was retained more than 2 months 


processed in the same wavy. 


ae Electron micrographs showed uniform, apparently 
ound particles. It seemed likely that the diameter of these 
particles (24 mu) as measured from electron micrographs 


exceeds the actual diameter, because of flattening during 


arving. 


The uptake of Strepton ! DY niact eaves and le at 
‘ d p ght and cation 
petitior GoopMaNn. Ropert N An uv tro method 


was developed to study the absorption of streptomycin by 


is influenced Ov time femperature 


foliage The uptake of streptomycin by excised leaves of 
apple, pepper, bean and coleus floated in 0.5% water agar 
containing the antipbioth was measured by a nicrobiologi« 


assav. Factors found to influence ibsorption were duration 
of exposure, temperature, and light. Leaves in contact with 


the streptomycin-impregnated agar for 48 hours absorbed 


twice as much of the drug as those exposed for 24 hours 
At temperatures of 10, 28, and 37°C, streptomycin absorp 
tion increased as the temperature rose. Light, under 
certain conditions, also had a favorable effect upon strep 


tomycin absorption The adsorption of streptomycin by 

if-tissue homogenates of apple, pe ach, pepper, carnation, 
ind coleus is protoundly iffected by the presence of inor 
ganic cations All cations studied limited adsorption; how 
ever (a and Mi were particularly active in this respect, 


Inhibition of fungi by filipir GorTtTiies, Davip, AND 
Lune-cor Wr Filipin inhibited the growth of all 55-60 
ig F/ml. Toxic effects are manifest by 
inhibition of germination, distortion of germ tubes, swellings 


ingi tested at 2] 


hyphae and bursting of swollen areas to 


in the walls o 
} Saccharomyces cervisede tends to 


] 
vecome granular and wrinkled under 
toxic concentrations, If concentrations are low enough to 
permit growth, branching chains of cells are formed. Cer 
tain long-chain sterols protect the fungi and yeasts from 
inhibition by filipin. Of the 49 sterol and _ steroid-like 
compounds tested, the common feature associated with 


clump and see : ot 


protection is the presence of a relatively long side chain on 
the cyclopentenophenanthrene skeleton to give at least 29 
carbons. The hormonal-type steroids were all inactive ex 


ompound With 


cept indrosteno 38) one (17), a ¢ 





Saccharomyces cereviseae, inhibition begins at 0.4 ug/ml 
ind is complete at 1.2 ug/ml. The antagonism of sterols to 
flipin is a general phenomenon for a 32 fungi tested. 


Many criteria show that protection is not due to an in 
tro reaction outside the cells. Filipin is absorbed by both 
phvsical and vita phen mona Cholesterol does not prevent 
s process. The ch/F ratio that protects the fungus is 


relatively unifor for different concentrations 

Pos f ertropt in the blac knot 

f f Aa, Greene. Georce | Studies of the 
( ) riur f D i me were begun to 
ter ne whet! s fungus produces a rowth substance 
that ght induce hypertrophy in stems of Prunus spp 
niected nf Knot I er extras t complex 
ediu in wl the fungus had been grown were pre 
| d, subjected to paper chr tographic separation, and 
issaved by the Avena first-internode traight-growth test 
\ highly active substance, apparently different chemically 


ndoleace ( [AA was found, and a variety 


f qualitative tests were irried out to determine its ap- 
proximate che omposition. The effects of [AA and 
the fungus growth substance on twigs of Prunus virginiana 

1 P. pad mutata were studied both in vitro and 
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f reducing agents were added Partially purified stable 
extracts of Prunus virus Bb were rendered uninfective by 
incubation with 0.01 purified polyphenol oxidase 
for 4 hours. Control extracts lost no infectivity in this time, 


Addition of 


infectivity of 


oxidized decreased 
poly. 
Polyphenol oxidase activi 
Prunus viruses \ and 


The instability of these viruses ip 


polyphenols 
, 
Prunus 


reduced form did 


fo-quinones! 


virus B, whereas 


phenols in 


Was reater in tissue intecied witl 
healthy 


ired to be due 0 


B than in tissue 


ir¢ ippe formation of oxidized poly 


phenols by the action of polyphenol oxidase following tissue 
homogenization. When the enzyme was inhibited, either 
by sequestering the copper or by the addition of com. 
petitive substrates, the virus appeared fairly stable. 

The influence of sol fumigatior fertilization and other 


fura factors on nutrient ontent of pine nursery seedling 
and soul HaNsproucH, 1 AND J P. Hots. Soil 
fumigant fertilizer effects on loblolly pine seedlings at the 
Homer nursery in Gilead fine sand were studied in a rep 
licated 3222 factorial test of fertilitv, watering, fumi 
gation, and seedling density. Statistically sound conclu 
sions were derived on the basis of plant responses fron 
control of dagger and stunt nemas and assays of N, P, K, 


Ca, Mg, and CH.O reserves in tops, roots, and soil. In 
general, nutrient content of plantable grade seedlings was 


not increased by the cultural factors: N was lowered in 
tops by fumigation, higher watering and density. Nutrient 
removal from a unit area by tops and roots was increased 
by fumigation and fertilization. Increased density of all 





seedlings resulted in greater removal of N. K. and Ca 
CH.O reserves of plantable seedling tops increased wit! 
fumigation and watering. decreased with densitv, and _ in- 


Removal of all 


common tumigation 


creased in roots with fertilization. nutrients 


by roots was enhanced by a density 


nteraction. Fumigated soil had more residual K and a 
higher H-ion concentration Previous results (Agron. J 
o1:17-20, 1959) on fumigant-fertilizer relations in crop 
nutrition are supported and extended 


retention in (the so of nematocides toxte fo 


Martin B. A’ technique 


detection of lethal concentration of 


Loiden 


le. HARRISON devel 


oped for th 


Was 


nemato 


cides in soil at intervals after injection. The encysted 
golden nematode eggs and larvae were placed in thin 
wall glass bubbles, which were encased in nvlon bags and 
buried in the soil so that their long glass necks protruded 
wove the soil surtace. When pressure was applied to the 
neck the buried thin-wall bubble broke, thereby exposing 
the contained cysts to the vapors still present in the soil. 
The tests were conducted in metal pans immersed in water 
baths in controlled-temperature tanks. Soil moisture was 
iintained with the aid of soil tensiometers In tests at 
O°F with D-D (1,2-dichloropropane: 1,3-dichloropropene 
ipplied at the rate of 45 gal. acre. lethal concentrations 
were not present in sol hours alter application of the 





fumigant. When EDB W 1.2-dibromethane) was applied 
> ga cre in soil at 80° F. evst contents were not killed 
when exposed in the soil 96 hours after treatment 
( stallization ot a nat a hatching for tor far ‘ j 
he golden nematode. Harntwecr. W. V.. R. V. DanestrRom. 
nD A. L. Neat A light-amber resinous preparation of a 
itural hatching stimulant for goldet! nematode larvae 
Heterodera rostochiensis is obtained by several differ 
ent meentration procedures, It was finally ervstallize 
he use of t-butanol as one of the solvents. Lypohilize 
obtained trom tomato plants growing in soil was 
Xtracted severa times with absolute ethanol, and the 
soluble material discarded After vaporation of the 
“ ent at room temperature, the residue was extracted witl 
1 relatively small volume of absolute ethanol, and the in 
: e material again discarded Small increments of 
diethyl ether were added to the ethanol solution. and any 
solid substance that precipitated was removed and dis 
irded. Sufhcient ether iuse the precipitation of an 
quid was then added. This “oil” was separated, dried, 
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Septen 

ed stan nd diss i a mixture of abs te ethanol and Vitamin By content « ogen nes « wheat resistant 
lective — ) 
rs ve } by tan iicohotlic solution was cooled ind crvystalliza ind susceptible te race 9B of sten rust Hor ns. (¢ D.. 
oXidas — ' { 1 diet} t . : 

a on was ed by slow addition cold diethyl ethe M. C. Forrert, anp Caroryn Toeprricu. Three pairs of 
this time, , awe ee Le tere fr? \t ape ; 
leer Phe erys reparation possessed en one isogenic hexaploid wheat nes resistant and susceptible to 
decreased 9 » 4 Riad 100 ot 

N poly ‘ 7 oe oer - si . race 15B of stem rust were analyzed for vitamin By content 
eas 0 " 
, »-00) Y 0.01) inerease. respectively, i 

ase activi | ) M “ oe | Figs: pi I ~~ by a icrobiological-assay method. Susce ptible lines of all 
ses A and = stabs art pairs analyzed contained more vitamin By than the resistant 

pier ses he diphenyl phosphate derivative ta ys 
Viruses yy 2 . ‘ { sister lines at the tillerir ind soft-dough stages, while at 

. ne | on indicates i Ossil Coie lid rl lia . 

zed poly 6 Ls - | ommting stage ot growth the reverse was true, Total vilamin 

. ic. AW No tree Carboxyvl grou] - dete 
ingt tissue } content of both resistant and suset puiible plants ine reased 
d, either 1 to a sti r is the plants changed from the vegetative to the flowering 

Se/¢ sista r as ea P 
or con k ’ HENSON. LAWRENCE ‘ stages olf growl! The higher amounts of By in the seedling 
le. ~ } { } ) A mi< ne sott-doug! stages ot growtl were orrelated with the 
STE en Pda . eed I 1 eae 2 spaced pla ; 

K er without leat ntir stem rust development on the susceptible lines. By functions 
ind other 600 =< adiacent to the Kenland breeding bed was in the transaminase enzyme system, converting glutamic to 
seedling P Q One hundred seed s f each of the ispartic and other amino acids. An accumulation ol glu- 
Is, Sou ) vt nthe ' } ’ ite ic and aspartic acids in plants has recently been shown 

t - L y i i il - et i i ‘ i i 
vs at the ee nie selected fre he « , ess survivors to inhibit urediospore germination of rusts 
in a rep , _ { . parent | 1( ants we 

nresel yo é ‘ ‘ rare - i plants 

ng, fumi . : solated are . wg ected and Variants of Tylenchorhynchus martir and T. ewingi. 
1 conclu 54. This selection wa ; ted Ky BYM. Hows, J. P. ann L. S. Waittocx. Tylenchorhynchus 
ses tron eae il ‘ - f art bundant i ouls sug ‘ ‘ : 
NP Ol 204-1)R 1954. In 1956, a planting his seed was ache rti abundant in Louisiana sugarcane and rice, occur 
» oy ' a> genditnes wer ted twice wit! ilso in certain pine nurseries. Normal variants, comprising 

, lings \ i | ; 
“Oli. In : : 4 e ptomless Survive S ere ~ outside il ith) ot pure popu il ms in the Stuart nursery. reproduce 
Ings Was _ . 1 witl nfected plant : rtiallv isolated I rice in greenhouse pots ] ewingi whicl does not 
wered it a a s harvested en masse ft bout 200 plants reproduce on rice in. greenhouse pots, is common in 
Nutrient at we . ptomless in early June, 1957, This sele Louisiana pine nurseries and differs from all variants of T, 
Increased . 1< designated _ Kv BYM 04-1) R red clover N | martini in possessing a post-anal extension of the intestine, 
Iy of all Bia showed a_ substantial ower incidence of 1 head annules, and a higher “C” value (shorter tail in 
, 
and (a nfes n than Kenland when inoculated with strain 204-1 relation to total length) Abnormal variants with dorsal 
sed witl aN house. It also showed less mosaic, less powdery hump and bifida tails, of unknown causation, were observed 
ind in ce re rust than Kenland in a s | plot field in both species in samples from held and greenhouse pop 
nutrients ee 1958. The mortality rate durir the winter of lations in the winter of 1958-59, in frequencies approximat 
density 58.59 this planting was practica ' same for the ig 0.1 Morphological and host range criteria indicate 

8 inting \ pr i \ 

\ and a tint i Kenland Tl. martir nd T. ewingi are distinctive species 


byron J 

— Asteroid saic of grapevines in Calitornia Hewtt Inheritance of resistance to Puccinia  sorgl in cor 
Wu. B 4 (C. Goueen. First recognized in 1953. the Hooker, A. L.. anp W. A. Russeii. Six genes that condi 

sease | = since been chip-bud ra rans tted to | on resistance lk Pu nia sorghi have been revealed 

French Colombard. through inheritance studies involvin rust-resistant and 


Oo Loiden 
¢ i t ( 


. irignane, Emper 
is devel nd Mission. It has also been approach-graft-transmitted to susceptible inbred lines of corn and F,, Fe, Fs, and back 








nemato “Tang ets eties. and in addition to Thompson Seedless cross progenies derived from then The genes are in an 
encysted nd Valdepenas. Nongrafted vines of the same varieties in allelic series and have been designated Rp’, Rp*, Rp*, Rp‘, 
in thin , - ee © remained noi Symptoms are Rp*, and Rp*. Resistance is dominant to susceptibility, and 
lags and sataes Ae wink Ti those of the other California grape higher types of resistance are dominant to lower types 
rotruded rus diseases. Leaf symptoms are characterized by numet The genes were identified by reactions expressed in tests 
d to the a ae <a wid weine that often coales enters forming with various cultures of P. sorghi, established from single 
exposing spiel Rao When numerous. such spots are tates irediospores or fro i series of single-pustule transfers, 
the soil insluce 1 te to he re { nt hetweer thre vhich were either virulent or virulent to the corn inbred 
in water staan ae ndary veins, Leaves are often asymmet! ines, Several individual cultures and prepared mixtures 
ure was d twisted and puckered alone th: ns. Marginal sinuses f cultures avirulent to only one parent were used in tests 
tests at re dee! t. and blisters of normal green occur in leaves with F,, Fo, and backcross populations Evaluations in the 
ropene f any ties. Durir the su ‘ it Davis. California, I eneration were made using several cultures separately 
trations sym] ee eae Dean ee : irieties tested Whenever possible these included the following types: 1) 
1 of the Affect . often stunted tly ’ rulent to bot irents. 2) iwvirulent to only one parent 
ipplied f . re prod il reactions wit! parents possible), and }) virulent 
it killed both parents Allelis: was confirmed by evaluating 
, reduced func Hitnory, M. 1 irge populations of (resistant X resistant) >< susceptible 
W on kK | The pring pal constituent f the ce walls rosses with rust iltures avirulent to both resistant par 

; d reproductive sti s of Asperg nts 

ESTROM “ 3 is been identified in t 

on of a Kinane nstituent mav account for the known resistance {ntispor nt a trichloropro}] benzothiazole 
ir _ a» tanpicides specific for Horsratt. James G wp Saunt Ricw for several years 
differ , ested The high degre: f sme ficits f the ‘ ve been oncerned with the differentiation of fungal 
stallized yms ' ' for the hvdrolvsis f tir ed to the hyphae nto conidia We have reported that several syn 
ohilize , ; ‘ teria Chitinase , htained from thetic compounds such as chelators and mitoti inhibitors 
nl Was sate ncluding the expressed lice f Lycone in prevent the differentiation of conidia of Vonilinia 
nd the : ithe hin of cou @ nds, Extracts prepared ructicola. On the other hand, copper saits and a,§-un 
ot the f pest f these sources had a strik ffect on the ce saturated ketones seem to enhance this type of differentia 
ed witl als { lia of f niger \ fr exposure te the t ! presun ibiv bv reversing the tion of some natural 
the n ny P P walls were partia cintegrated . ni tor Conceivab this postulated natural inhibitor 
pnts of : ae hvdrolvais of thi , An extract p1 wuld be a sulfhwds ompound, because the antisporulant 
nd any nared f1 ] erdon gemmat suppressed germinatior ction of ethylbenzene-2-thiol can be reversed by pulegone, 
nd dis f +} lia at concentrations as : 0.1 py he use in a.3-unsaturated ketone We now find that 2-(+, y. 4 
of an Ps ss a fungicide may ot new field of e1 trichloropropyl) benzothiazole also inhibits spore formation 
dried i r lal development vhen incorporated in the agar of cultures of Monilinia 
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cucurbit seed harvested 
black sclerotia-like structures, 
Additional studies are under way to determine the relation. 
ship of this Colletotrichum sp. 


Colletotrichum spp. 


and overwinters on 


from infested fruits as small 


is seed-borne 


isolate to other large-spored 


ultimum colony size 
KAHN, Ropert 
from 


Inhibition of Pythium butleri and P. 
by an agent extracted from sphagnum moss. 
r.; aa 
mercial sphagnum moss, suppressed the growth of P. butlerj 
and P. The extract 
prepared by soaking 10 g air-dried shredded sphagnum moss 


inhibitory agent, extracted with water 


com- 


ultimum in a laboratory bioassay. Was 


in 1000 ce distilled water (1:100) for 1 hour and then 
filtering through filter paper in a Buchner funnel under 
vacuum. The fungi were cultured on sterile wheat seeds 
(var. Pawnee) for 6-10 days. One seed was then plac ed 
in a 20 100-mm Petri dish containing 40 ml of distilled 


s| he 


water (pH 6.0) or sphagnum moss extracts (pH 5.6). 


mycelial growth of the colony that developed from each 
seed after 10 days at 20 21°C was measured. Growth in 
distilled water was 5-10 times as extensive as that in 


demonstrated that 
below 50°, but unstable at 
The longevity of the 
was at least The dilu- 
1:25,000. 


1:100 sphagnum extracts. The bioassay 
the inhibitory agent stable 
99- 100° for 10-minute exposures. 
both 4° and 20 


point was in excess of 


was 
agent at 30 days. 
tion end 


Vovement of four soil-borne pathogens in sterile soil and 
Kann, Rosert P., GUSTAVE SILBER, 
as a planting medium, retarded the 
Pythium butleri. P. Rhizoctonia 
(damping-off fungi), and Phytophthora parasitica 
(black shank of tobacco fungus) more than 
Improved Long 


sphagnum moss. AND 
Sphagnum moss, used 
movement of ultimum, 
ofan 
Var. nicotianae 
did sterile soil. Cucumber (var. Green) 


(Hibise us 


and kenat cannabinus) seeds or tobacco § (var. 
102) transplants were planted in rows 1, 5, 9, 13, 17, and 
21 in. from a line inoculum source at one end of a 1222 


in. flat The 
of test plants. The 


only 5 in. 


death 
fungus advanced 21 in. in 
ignum moss alter under 
35-95°F. The damping-off fungi 
in moss after 20 days under 
of plant is an impor 


fungus movement was the 


shank 


criterion of 
black 
in sph 
conditions at 


soil, but é 50 davs 
vreenhouse é 


9 9 
moved 2-5 in. 


in soil and 2 in. 
light at 70°F. 


fluorescent Since age 


tant factor in resistance to damping-off fungi, the flats 
were reseeded, and 1 month after the second seeding all 
the fungi had advanced 15-19 in. in soil but only 2 in. in 
moss. These data indicate that sphagnum moss retards 


novement of pathogens in addition to inhibiting damping 
off is reported by others. 


inoculation of Bromus inermis with ase 
KAUFMANN, M. J.. P. N. 


Pyrenophora 


{ri f ' 
ifcia 
of Py ré nophora 
AND E. L. 


nores 
OSpore 


hbromi DROLSON, 


NIELSEN. Epiphytoties of bromi 


1 conditions (Oo) 


were artificially induced under greenhouse 

75°F.) by inoculating mature plants of Bromus inermis 
with ascospores from cultures of the fungus grown on 
PDA and an oat-barleyv medium. Conidial-mveelial inocu 
um tested under similar conditions failed to induce satis 


v infection. Inoculated plants were incubated 24 


lesions characteristic of the 
that developed 


clones ot Bron us inermis 


a moist chamber, and 


disease appeared within 4 days. Lesions 
differentially on 
16 davs of 


those 


plants of 26 


within inoculation were essentially in agreement 


with observed in field nurseries 


ri rr? , , 
chiamvdospores 


A technique 


seedling ine diation u 


{ technique tor l 
KAvaNnacnH, T, 


Ustilago nuda and U., trit 


was devised for inoculating barley and wheat in the young 
seedling stage with chlamydospores of l stilago nuda and 
{. tritici. Seeds were germinated on water agar or moist 
paper towelling at room temperature for about 4 or 5 days 
or until the coleoptiles of the germinating seedlings were 


ibout 1 cm 


ut off: the 


these 


immerse d in a 


long. The tips ot coleoptiles were then 


seedlings were suspension of 


chlamydospores in distilled water plus wetting agent, and 


placed under vacuum at 27 in. of mercury: after 2 
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minutes the vacuum was suddenly released and the seed- 
lings were planted in autoclaved soil in a greenhouse at 
about 65°F. One gram of chlamydospores per liter pro 
duced a maximum of 73% 
limited trials with wheat gave up to 31' 
this technique, the time from inoculation to spore produ 


in these smuts can be shortened considerably, which 


infection. By 


tion 
will speed up testing of new lines for smut reaction 


The effect of temperature on the deve opment of OOS 
Kavanacu, 7 
Seed of 3 varieties of both wheat and barley inoculated in 
the held in 1958 with chlamydospores of Ustilago tritici 
and U. nuda was sown in 3 greenhouses maintained at 


smut in adult plants of u heat and barley 


minimum temperatures of 65, 75, and 85°F. At 85°F, 


infected wheat plants were severely stunted, reaching only 
about * normal height, and smut sori were reduced to 
one. a few, or many small black flecks on the glumes, 
which gave the heads a speckled appearance, These flecks 
contained chlamydospores many of which were normal 
in size and shape, and were viable. Some presumably in 





fected wheat plants produced heads on which no sori could 
be found. Infected barley plants at 85°] produced slendet 
heads ranging from those with small to no sori but which 
were blasted. The flag leaves of many barley plants showed 
chlorotic streaking resembling early symptoms of barley 
stripe At 65°F and 75°F “normal” smutted wheat and 


barley plants were produced, 


il effects ol Praty enchus zede or sugarcane 
Kuan, SEKENDER ALI. Pure populations of Pratylenchus 
eae alone and in combination with a PAytophthora sp. 
were established and maintained on sugarcane in a suit 
ably replicated greenhouse experiment. Plant symptoms, 
top and root weights, and microbiological data were re 
corded at 130 days first cutting (plant cane) and 360 
days second cutting (stubble cane). Symptoms on_ the 
plant cane, in presence of nemas alone, were yellowing 
and stiflenir of leaves and shortened, decreased numbers 
f internodes: stubble cane exhibited shortened, chloroti 


1 


eaves in early growth stages lop weights of plant cane, 


uit not of the stubble cane, were significantly lower than 
the check in pots with P?. zeae, both alone and in combina 
tion with P/ vtophthora sp Roots of stubble cane infested 
with /?. zeae were thickened and distorted, and had fewer 
fibrous feeder branches than the check Phe effect of 
Phytophthora =p Was twofold top erowth of plant cane 
was significantly lower than the check, and populations of 


P. zeae were higher in roots containing the fungus 


E fie f nvasior by storage hung Or ferminatior ( 
pea see Kinc, T. H.. ann Ricuarp W. Fievps. Alaska 
ind Alsweet pea seed free of stora ids and inoculated 
with 4sperg s flavus, A. ruber, A ndidus. A. restrict 
ind 4 mstelodamt were stored for 6 months at relative 
humidities of 85 and 92 and temperatures of 10, 20 nd 
4 Percent germination and extent of mold invasion 
were dete ned every month. In the seed inoculated wit 
the storage fungi, germination decreased severely, whereas 
that inoculated seed decreased a little or not at 
Mold it sion of the seed preceded reduction in gern 
tor he germination of seed inoculated with A. flavus an 
stored t oO ind 85 RH was reduced 70% in 2 months 
It to i onths for about the same reduction in germ 
na seed stored under similar conditions and inocu 
ulated witl 1. ruber and { md The rate of 

eust ue ination was dependent on the species of 
Aspergillus and the temperature and oisture content of 
the seed during the storage period. In general, mold 
Vasior ind reduction in germination increase is the 
ure ent of the seed and temperature of storage 


infection in barley. More 


> 


Four levels of potassium, 3 levels of nitrogen, and 2 levels 
of phosphorus, in factorial arrangement, were applied in 
March, 1957 and 1958, to trees in each of 3 mature com- 
mercial orchards located in Western New York. Popula- 
tions of X. americanum and P. penetrans were significantly 
lower under trees receiving the higher rates of potassium. 
Potassium sulfate applications were applied at rates of 
0, 1, 5, and 15 lb. per tree; however, in 1958 the highest 
rate was adjusted to 5 lb. Kinds and numbers of stylet- 
bearing nematodes were determined in the O0- to 12-in. soil 
horizon. Soil samples were taken in August, 1957 and 1958, 
at a point midway between the trunk and the drip of the 
tree. Nematode numbers or kinds were not significantly 
affected by the nitrogen or phosphorus applications. Growth 
of roots, as indicated by root ratings, was not significantly 
influenced by potassium applications. Vigor of trees, as 
determined by terminal growth in 1957 and 1958 and by 
the average number of lateral vegetative buds forming 
spurs and shoots in 1958, was associated positively with 
levels of potassium and negatively with numbers of X. 
americanum or P. penetrans 


Relation of nematode popuiations to nutrition of sour 
herries. Kinkratrick, J. D.. W. F. Mar. E. G. Fisner, anp 
K. G. Parker. Soil nematode counts were made in the top 
12 in. of soil under 112 Montmorency trees on Mazzard 
rootstocks in 28 orchards in August, 1956. Leaf analysis 
N. P. K. Ca, Mg) and soil analysis (Ca, Mg, K. Mn. Na. 
NO.-N, PoP, pH, base exchange capacity, organic mat 
ter) were made on samples taken at the same time. Co 
efficients of simple correlation indicated that populations 
of Xiphinema americanum and Paratylenchus spp. in 
creased as leaf nitrogen increased and as leaf potassium 
decreased. Because of the strong intercorrelation of the 
major nutrient elements in the leaf, standard partial re 
vression statistics were used. The values for the standard 
partial regressions of the various stylet-bearing nematode 
populations on the concentration of the several major nu 
trient elements in the leaves were tested for significance. 
These provided evidence (P>.01) that populations of X. 
americanum and Paratylenchus spp. were correlated posi- 
tively with nitrogen and negatively with potassium. There 
were no statistically significant relationships between popu 
lations of any stylet-bearing nematode with soil analysis. 

Effects of visible and ultraviolet radiations on the sporu 
ation of Ascochyta pis and other seed-borne fungi LeEAC Hi. 
CHuartes M. When 40 isolates of Ascochyta pisi were 
grown in artificial culture in complete darkness for periods 

! 


as long as 10 days. sporulation ranged from none to 
Under daylight and continuous fluorescent light 


Filtered fluores 


moderate 
however, all isolates sporulated profusely 
cent light revealed that ultraviolet, but not visible radia 
tion, stimulated the formation of pyenidia. Furthermore, 


near-U\ 
UV in the 


(mainly 3650 A) stimulated sporulation whereas 
germicidal range (mainly 2537 A) was lethal. 


Pyenidia formed only on mycelium actively growing at the 
periphery of colonies at the time of irradiation There was 
no evidence of translocation or diffusion of stimulus from 


radiated young mycelium to unirradiated young mycelium. 


Irradiated colonies on buffered media produced pyenida 
trom pH 16 to 8.6 Accuracy of detection of A pist was 
increased when infected seed of Vicia osa were plated 


| 
on media and irradiated continuously for 5 days. Continu 
ous UV also affected the sporulation of other seed-borne 


fungi: isolates of Phoma trifolii. Stemph ; botrvoesum, 
‘ frifolu {scor hvta mpertecta, { fer’ ria zinnia 1 
tenuis, Botrytis cinerea ind a Phom sp flax isolate) 


sporulated profusely, compared with litt sporulation 


in darkne ss 


Root-knot nematode rveival in excised grape roots in 
soil fumigated with ethylene dibromide. Lear. B.. ano D. J. 
RASKI Roots ol Thompson seedless grapes infested with 
Veloidogyne incognita acrita were collected from a field 
determine the survival of 


intin for greenhouse tests to 
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ts Lactalbumen it i ind lactoglobulir 
ea rniviiho Ss. whereas ¢ nd wt crude whey 
Weliol at l were 1 st! er nhibitors 
rT d elo ! fibris el ind bumen were 
1) Ts l ( i na vlobulin were 
None of these ompounds t concentrations 
ised ipprox, O had the inhibitory power of reconst 
‘ omogenized t 
}) ( es thre huneite acttlor fan and three 
R-SC ompounds, LUKENS, R. J.. Saunt Rie 
» J. G. Horsrarui The reaction between captan— \ 
ri romethylthio?) -4-evclohexene-1.2-dicarboximide and 
SH oups giving rise to thiophosgene has been reported 
earlier s basic to its tungitoxicity Three other R-SCC] 
pounds, differing in toxicity to Stemphy m sarcinae 
ind haromyces pastorianus, were compared with 
plan in their reactivity with ~SH groups of evsteine and 
ist cells }-4-dichlorobenzenesulfonate-SCC] althoug! 
f as toxic as captan, behaves like captan. It evolved as 
uch (.S. trom veast cells as « iptan (15 of its S?) and 
reacted with cysteine just as rapidly (2 minutes). \-3.4 
hlorobenzenesulfonamide-p-nitrobenzene-SCCl.. alse half 
toxic as captan, behaves differently from) captan It 
ed only | of its S as CS. and required hours to 
‘ Nete its reaction with cysteine Unlike captan, this 
iifonamide analog apparently produces an unstable iso 
ocyanate on reacting witl SH groups V-carbazol 
SC .( essentially nontoxic, evolved no CS. with veast and 
did t react with cysteine Phese experiments demon 
strate 1) the importance of the R-group to the fungitoxicity 
R-SC¢ compounds, and 2) the importance of factors 
hie han the rate of thiophosgene production in the fungi 
x inalogs of R-SC( 
T) heritance of pathog P nia cartl 
VeCaix, Artuur H The patl enic preperties of phys 


, ’ oP . 7 , ; j ; 
PF ices oft / arthamt are herited in ecordance with 





Neer Ie in laws Virulence - easured of safl wer varie 
= WOld ind NO77 i Is inherited as i recessive ehar 
ter In the I veneration of the cross, 1 f race 2? 
W rulence on WO14 was de nant to nh virulence 

Similarly in the | of the cross, race race » low 

lirectior f the crosses did it fluence he | hvbrids 

I} distribution of resistant and susceptible fection types 
the | ft tl CTOSS, race race » suggests that t ) 
irs genes govern the nheritance f pathogen ty ! 

WOld the dominant factor of each pair being necessary 

tort production of the resistant infection type On N9OT7 

| pair of genes governs the nheritance ot | ithoge 

icity. the presence of two recessive enes resulting W 

usceptible infection. type The distributior t phvsiologis 

races in the Fk. showed that the genes governing infection 

Ivpes n WO14 and N977-15 a rt t 1 le producing 

4 2 nd o ind a new i aes d race 5 
/ ‘ dosag rie VicCaLban 
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normally distributed. Hence, the steeper the slope, the 


more homogeneous the population. Slope does not indicate 
the nature of toxic action, as has been claimed. Relation 
ships between uptake and external concentration have been 


measured for various fungicides, such as silver, mercury, 





copper, glyodin, and s-triazines and several species of fungi 
Three types have been observed over the physiological 
range: a iptake proportional to external concentration, 
b) uptake proportional to log of concentration, and c) log 
of uptake proportional to log of concentration, These 
curves may be described by the general formula: af 

1c" where 1 n 0, l is uptake concentration and ¢ 
is external concentration Iwo triazine derivatives that 
presumably have the same mode of action have different 
uptake external concentration curves. Since the mathe 
matical relationship between uptake and applied concentra 


ion cannot be predicted, slope based on external concen 


tration cannot be a measure of mode of action. Slopes 


based on the quantity take up are also only a measure of 


individual variation and do not indicate mode of action. 


Ek the ts of streptomycin sul/tate on the hop dou ny mildeu 
ngus in vivo. Mater, C. R. Paraffin sections of strepto 
iwein-treated and untreated hop tissues in various stages 
of systemic infection by Pseudoperonospora humuli were 
safranin, and _ fast 
green. In plants sprayed with 1000 ppm streptomycin sul 


differentially stained with azo blue, 


fate, the mycelium was not as abundant in the stem pith, 
ortex, and leaf mesophyll as in unsprayed plants, and 
tended to occur in isolated fungal pockets. Hyphae in 
streptomycin-treated tissue stained deeper with hematoxylin 
than that in untreated tissue, indicating physiological de 
terioration, Streptomycin treatment appeared to alter the 
reproductive structures of the fungus because in_ treated 
tissue, sporangiophores were distorted, clavate, often un 
branched, and only about le the length of normal ones. 
The few sporangia produced on the abnormal sporangio 
phores germinated poorly, vielding les than ‘“ the usual 
numl Zoospores from 
sporangia in treated tissue were less vigorous and viable, 
ind shorter-lived than those produced in untreated tissue 
Although no morphological differences were seen between 


ver of zoospores per sporangium 


oospores in treated and untreated tissue, they were rare in 
treated plants, but profuse in untreated shoot tissue. 


Pathological alterations in respiration of tobacco stem 
\IAINE, 
Respiration of stem 


fissue thected by Pseudomonas solanacearum 
E. C.. S. B. Tove, anp A. KELMAN 


tissue of resistant and susceptible tobacco increased follow 


ing niection hy Pseudomonas solanacearum causal agent 
of bacterial wilt. In tissue adjacent to the point of inocula 
tion in stems, oxygen uptake increased after 48 hours. The 
ereatest increase was observed for diseased susceptible 


tissue in which pathogenesis was most advanced, Respira 
tion also increased within 2 hours after healthy stem tissue 
lisks were vacuum-infiltrated with suspensions of washed 
bacter cells. The marked increase in respiration follow 
gv infection and addition of washed cells to healthy tissue 
could be attributed only partially to oxygen uptake by the 
pathogen. The effect of different metabolic inhibitors on 
the increased oxvgen uptake was studied DNP (10 iW) 


ind o-phenanthroline inhibited oxygen uptake markedly in 
healthy tobacco tissue, but only slightly in diseased tissue 
Whereas malonic acid inhibited respiration in healthy and 
diseased tissue to the same extent, initial inhibition by 


] 


ioride was overcome in the later stages of disease deve 
pment The data obtained suggest the occurrence of an 


tered respiratory pathway in diseased tissue 


} rther tests on the henehcial effects otf aster ve lows or 
eathoppers. MArRAmMorRosCcH, Kart. Corn leafhoppers, 

Dall s maidis. feed and thrive on maize and teosinte, but 
on other plants. On healthy China aster, insects died 
within 1 3 days. When aster plants with eastern aster 
vellows ere used as the sole diet. corr ( ifhoppers became 
conditioned so that they could feed healthy aster. More 
over, this conditioning permitted the to feed on he ilths 
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carrot, while unconditioned insects were unable to survive 
on carrot, In spite of prolonged survival on the new host 
plants, no progeny were obtained on aster or carrot. While 
plants with eastern strain of aster yellows virus conditioned 
corn leafhoppers, aster plants infected with a strain from 
celerv had no such effect 


Reaction fo the sweet potato internal cork virus of 6 
Martin, W. J. Five convol- 
vulaceous species of weeds found in Louisiana sweet potato 
helds and 1 cultivated morning glory were studied to deter 


species of Convolvulaceae 


mine their possible role in harboring the sweet potato in 
ternal cork virus. Plants of the 6 species grafted on in 
ternal-cork-aflected sweet potato plants (var. Porto Rico) 
developed virus symptoms of varying degrees of prominence 
within 6 weeks. To determine whether such symptoms were 
those of the internal cork virus, severed portions of the 
virus-aflected plants of each species were used to graft- 
imax ulate cork-free sweet potatoes (var, Porto Rico). The 
vraft-inoculated sweet potatoes were planted under 32 32- 
Ine sh screen, and successive crops of roots were obtained 
from them. By the above procedure successful transmission 
of the root symptoms of internal cork was obtained through 
Ipomoea lacunosa, 1. nil, and Quamoclit coccinea, but not 
through |, hederacea, 1. pandurata, or |. trichocarpa. This 
is the first confirmation of the susceptibility of species other 
than sweet potato to the agent that causes root symptoms 
of internal cork in sweet potato, Results indicate that the 
virus transferred from the sweet potato stock to the latter 
3 species was incapable of causing internal cork in sweet 
potato 


Effects of asphalt-varnish-fungicide formulations on 
growth in vitro of species of fungi causing decay in trees. 
May, Curtis, anp Joun G, Patmer. Formulations of 
asphalt varnish containing captan, dichlone, ferbam, maneb, 
a nickel carbamate, Phaltan, phenyl mercury nitrate, phy- 
gon, thiram, and zineb were prepared, and their effect de- 
termined on radial extension in vitro of mycelium of 11 
species of fungi. Asphalt varnish alone did not retard 
radial extension of colonies. Mixtures containing 0.5% 
ferbam, Phaltan  (\-trichloromethyl| 
thiophthalimide), or thiram retarded, but did not prevent, 
radial extension of some species, but had little or no effect 
on others. Mixtures containing 0.5°; 


captan, dichlone, 


maneb, nickel car- 
bamate, or zineb did not retard radial extension. The mix- 
ture containing 0.25 phenyl mercury nitrate prevented 
radial extension of the colonies when the mixture was 
added } days he fore the fungi were planted on PDA. The 
mixture containing phygon became too stiff for use as a 
paint 


VWechanical transmission of the virus responsible for sour 
herry yellows, prune dwarf, and peach stunt. Miceratu, 
J. A. By bud-inoculating peach seedlings and then using 
voung tip leaves inoculate Buttercup squash, a virus was 
recovered from 6 different trees showing sour cherry ve! 
lows symptoms The Viruses trom all 6 sources produced 
i bright golden chlorosis of varying severity, indicating 
Thermal inactivation, stability to 
aging, differential host studies, and seed transmission pro 
vided ample evidence that a single virus was involved. The 
viruses from all 6 sources were returned to voung Mahaleb 
seedlings by rubbing leaves with juice from infected 
squash, When buds from. the inoculated Mahalebs were 
placed in Shiro-fugen flowering cherry and in Montmoreney 


some strain variation 


sour cherry trees, reactions were typical of stone fruit ring 
spot. The viruses from all 6 sources caused similar or 
identical symptoms on Montmorency sour cherry, Early 
Muir pear h, or Italian prune Montmorency trees showed 
a chlorotic or necrotic ring spot shock reaction che first 
vear, and typical sour cherry yellows the second year. 
Early Muir peach developed severe stunt symptoms the 
first vear after inoculation, and Italian prune trees devel 
oped dwarf. Sour cherry yellows, prune dwarf, and peach 
stunt apparently are caused by strains of ring spot 
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ate degradation of residues of Cyprex on leaves and 
fruit of McIntosh apples were studied. Modified schedules 
tarting at flowering and ending with petal fall, first cover. 
d third cover, were compared with a tu season sche lule 
th 6 cover sprays and a schedule using only 6 cover 
Residue levels and scab development were corre. 
o estimate the i nt of fungicide that must be 
esent on tissue to prevent infection The amount of seab 
sent did not increase substantially on the trees of any 
nent until the residue had fallen below 1.0 ug/g fresh 
ht of truit. and ther niy when early sprays had been 
ted to permit some pr ry infection. The half-life 
the residue varied trom lavs early in the season, when 
the truit was still growl rapidly, to 22 davs late in the 
ison, when most of the growth had been completed, 
When corrections for growth of tissue were made, the 
ilated half-life values for the residue itself during the 
ier part of the season were 20-27 days, thus indicating 
tthe ilue of 22 aavs ! resenting deg! idation during 
September and October approximated the theoretical half- 
» that could be expected when the factor of tissue growth 

t inated, 
| a eta response to fact f ’ ne the expression 


to internal browning svympton Micrakisil, Harry 


H Ihe internal browning (IB) reaction of 4 varieties of 
exposed to low and igh light, with and without 


AY es strain of tobacco 1 sal irus PMV), was deter- 
ned in the greenhouse. In the | ight -no-TMV series, 
plants of the variety Homestead had 2¢ Ib at first har 
est, but TMY plants had a 2-fold |} her IB than com 
ght, TMV in 
lu 1 48 IB compared to 4.0 for uninoculated plants 
| e variety Fireball, under high light and no TMV, 10 
:4 fruit had IB but no IB 


parable uninoculated plants. Under high li 


( occurred under low light 
Infection with TMV at low nd at ot} vht caused 26 

Ih. respective \ L we other varieties, Indian River 

1 Holmes’ PL. 23567, re ined fre f Ib under all 4 

litions of the test. Results of virus assavs on .Vicotiana 

ar \anthi-n ide shortly before treatments 

re imposed and th { frui rvest, indicated 


| uninoculated plants and fruit were free of TMV. 
\ noculated plants were systemically infected with TMV 


varent differences could be detected in IB induced 


ow light or TMV infectior 


ight, caused ( re previous 
] rere ‘ rhe ~T te Té ‘ 
u I | 1 
mre ling | il I led or t 1 
, 
ns hict ! \ a satisfactory 
~ 1Yot x int t ns 
igh ste ‘ ¢ ha f spot de 
tor irt\ Vi ! - 1 1 
ilture nad 1 os thre oret 
v needed. | gus found to sq 
d r K 1 , eaf ' Ar 
ispension containil O00 10.000 conidia per 
1 on seedling } ( f stag Plants 
' 
| i] edia \ er ind ! a 
O°F for 48-72 } Irs \ r | | , } eT 
eas ' dings i \ rre t ' vas 
Xist Deltween I LY nd 2 en! ise 
egregating populat : ion er of 
re portant , , f Iwo ne< } 
fter repeated S S re { { 
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ives and } strains nsects were obtained: | strain WY. efficient The persistence of Corynebacterium insidiosum in soil, 
chedules n trans ng both viruses: 2) strain Wy. efficient in NELSON, GorDON A, Suspensions of Corynebacterium in 
st cover, : ns tting wound-tumor virus but not potato yellow sidiosun cellular concentrations were added to 
schedule wart is; 3) strain wY, efhcient transmitting potato nonsterile soil at 120% of field moisture capacity (FC) and 
6 cover a wed f irus but not wound-tumor virus: ind 4 stored at room t perature Phe numbers of viable wilt 
re corre. ete Micteis tsitte tat = contain WY Secale bacteria decreased rapidly up t days, at which time no 
must he , a pe APE ithe eamundl Queens nee ollnueed oe wemal wilt organisms were recovered However, wilt bacteria In 
of scab aac : ss sébiagee : sterilized soil at 120% FC persisted in high numbers for 
: of any as 1U ESRSOVaLSE! PSseSge OF te _ lransovaria SY days when held at room temperature Wilt bacteria in 
go tres} passe i potal ys w-dwarl cus was not detected nonsterile soil persisted longer al LOO FC than at 120‘ 

been among ¥: | - y from fe iles trans [ting this virus in however, their numbers declined at a uniform rate to a low 





f-life the WY and wY strains level by 12 days at 20°C, and if held at 10°C the bacterial 
nn, when population was reduced by on half Persistence of wilt 

| T/ ( tamin B e emergence | g é bacteria in nonsterile soil was longer at o0 FC than at 
bacteria had decreased 


I t 


a 
- 
- 
~ 
~ 
‘ 
‘ 
to 


mpleted, 


ide. the ited 3 rvae from presoaked mature cysts in solu noticeably by 12 davs. while at 10° the numbers re 
ring the sans of deionized” leachate fre tomato roots or in so ained constantly high during this time 
dicating eas f 2 ne hatchine-fact narrations was 
during , f ; re ae . —— 13 ; f fure index g j ont F weular wut diseases 
reas ¢ iin ine elt I V t aqdeda ‘ thie 
il half ; arnation, Nevcson, Pau E., J. TamMen, ano R. R. Bakes 
j it ent of vsts wilt es it . {f witar ' , < - 
erowtl ne ' The effectiveness f Hellmer’s broth method for detecting 
| I KS berore Hacin t! evsts in hatehu lactor , A 
lies P ane. : ; = = carnation cuttings infected with Fusarium oxysporum 1 
R : <> Increased emerge! I xample, respe anthi and Pseudomonas carvophy was determined by 
. f 9] ’ { ' ' , f 
pression © ave cs -10 and 604 larvae pe yst emerged Too, culture indexing tip cuttings taken from plants growing in 
Harry ing nt with water and with a solution containing co vercial greenhouses in New York. Pennsylvania, and 
eties of ) ug f vitamin by, followed by ibation with a solu Colorado, by establishing the apparently pathogen-free 
without tion ! ¢ 50 ug/ml of a once-"“deionized” tomato root ittings obtained as single nits in commercial nucleus 
s deter awhate preparation. The vitamir self had no apparent blocks, and by observing these units over 14 months for 
series, fhe t| number of larvae ¢ eing durit the pre symptoms About 4 f the riginal plants from which 
tT 4 T ? T 5 ] preety | f 4 - -~f' = 
rst ftiar treat ty iod \ significant difference was noted ir cuttings were iken showed sympto s of i 2 disea 
r P F P F | Ct the 964 cuttings indexed. 0.4 vielded the pathogens 
1 ! ysts. pretreate pH pH 56 | 
MV iy r s cor , shes > f | Of the 2121 cuttings established as single units in nucleus 
1 I gy €) z y per > 


plants blocks, 10 exhibited vascular wilt symptoms during the 





\ 
le [yAN | . n tupel \ ( cause | : 
a Pf ided th t irel selectior wi eliminate the jor por 
“3 bh y s « har te ‘ - 
n Rive | . tion of infected cuttings. that He er’a brat vethod does 
\ a ! ncehes nt © fre 
ra } ‘ : ' 4 i | , ! illow for LOO | tion of the 2 pathogens, and that 
etely I ‘ ! r . 
aa ; F | ind d j i rou the establisi e of « 1 or culture indexed plants as 
: ; f; n tl seas 0 { 
‘ments leg , on K single units in s hiarcke ia easent for pathogen-free 
=x ) orella, stag h an | - tint : ore fo »s Sn. roy 
Heated | I 
PM “ S he first vear. O kers bot} 
. - solations tf - nkKers ¢ H 
nd ed ve ti genu He j the OrlLuy 
, ' NELSON, R R The « t n t sexuality and pathogenicity 
| * - ' i f 1 i . ingi was studied bv attempts to cross related species 
«. tupe . or ay LY I nkers tor ” ' 
¢ f : nig ! the genus H ti] y Successtu interspecify 
ition site on the ss rous tree nd 
ON : ' » = ses were t ! 1 wit certal monoconidial isolates 
vtl 1< ¢ line ) vT 
celery ] I W hd i Le | He , } , mavd / j obn heterostroph 
rs . iB his were reis " i ese nkers. and ye ese ee 3 i f hen] ages Ta 





field . ee know! H nd an unidentified species of 
By ; failed H, : to rice. Perithecial produ 
see ns se tion was sparse it f the interspecific crosses. Althoug! 
7 d and mos 1 not gi te. Preliminat 
- ‘ - ( iN \ \ ~ t I . t ‘ I I ! ! spore “4 les 
we Newell, S D , vet s-fert with one or the 
\ “ r te s lings < ns Pe , f4 ' . reas atl se did not mate 
RI ed 4 either | idies showed that certain 
? ts s 5 eloped \ s j SCOSPO! : had patil ! pa ties similar t 
d R iter; t i rive I re ‘ ‘ I } eric or ef« ot 
n was _ ' st n isolal I S Sf 5 lor xuality and 
} od i t vshen susper : d he antag : gel 
I - ded i) f wh 
on { tag \ 0 at nad « = ne f * ; } Ine ; } a harve ; 
. y 1 little in virule f l t f ate , Nusgpaum. C. J. The 
j sts f selt-inhibitory affected fects of cert posthar t ] ral practices upon root 
: solates. N roorganisms knot nematode (Mi gyne incog ind M. incognita 
g ] S wilt int . t ju y a 1) popula s ha een stu i ( held plots 
{ua S ind ar! I S : & . e 1954 Tol < if n the soil after 
nsmit I Four strains of Cor ¢ ¢ mi? higaner harvest ftavored the |! p of nematode populations dur 
atato ni f ntagonistic str : ( { the fall and rwintering f inoculum: plowing-out or 
ppers tur I Sensitivity ind infection studies i ited sking roots ediatelvy after harvest. or sowing emall 
emit that t tag stic wilt bactet t s were I the ¢ grain covercrops tollowing plowing or disking prevented 
ely group. further ne itode reproductior nd reduced nter survival, 
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ple t ployed, xylose, and two unidentified sugars were found. The acid. 
populat ne-tenth SOluUD nucleotides were tentatively identified as the mono-, 
those it s ductions in di-, and triphosphates of adenosine, guanosine. « ytidine, and 
’ itode | | , cidence of uridine rhe levels of all of the above major groups as wel] 
t-kine | i improved as protein nitrogen and total organic RNA ind DNA, 
p pert treatments play an phosphorus fractions were relatively low Phe unusually 
rt igh inorganic phosphorus requirement of this tissue in 
culture is apparently not associated with the production 

f_om} é $ or ind storage of large amounts of organic phosphates, 

gans ¢ () ‘J. H AND 


medic aginis 
é i vrass {ere Renrro, B. L. Slides coated with Vaseline were exposed 
rom rem , , ; 


) It. above the ground in an alfalfa field during the sum. 
ma ing \ 0-80 igth wher ers of 1956 and 1957. Conidia of Phoma herbarum Var, 
verminated | te t quackgrass medicaginis were found on 27 ot 160 slides, Some of 
extracts | / walter, whether hese spores were cultured, alfalfa plants in the green. 
extracts came f te eaves Irom house were inoculated with the cultures. and disease symp- 

ther of Howe e extracts toms typical of F herbarun were produced. Spores of 
ire rhize I =s reduced Stemphyliun botrvosum ind Ps¢ idoplea briosiana were 
gel natior x I ( es of | <i irly caught on slides. identified, isolated, and cul- 
clone reduc mile eX tanother tured, and the cultures found to bs pathogenic. After 
clone ofl ju nator Passing rains or heavy de Ws, Insects were collected in an alfalfa 
quackgras x ] : i ed carbor held and Washed in sterile distilled w iter The spores so 
Darco G-6l \ I extracts, obtained were inoculated onto alfalfa. and symptoms typi 
but oO pa f extracts Heating il of P. herbarum developed: at least 10 species of in. 


-ects were found to carry spores of pP herbarum \ stream 


of water was directed throue} a re lvir f 


I u olVving tan onto soil 
infected with P herbarun humerous intections developed 
ihe deve ; . UH . J. H om alfalfa plants near the fan that were blown against the 
AND 1) M . , . extra re p Ol ¢round, and on those farther away that were splashed with 
rhizomes of ! were added to “o ind iter 
soil in wl ( wing 
ae A , ' — “8 } i) lerentia trans? SSIOF ) r Ss fro eaves singly and 
eas ae 4 B M@oudly nfected OV vector-specif strains of barlev yelloy 
: nee ae haw ante’ varf virus. Rocnow, W. F. In tests of transmission from 
Ea | : ; ‘a <oil oat leaves infected by “ingle strains of barley vellow dwarf 
. | . ~ j . steal virus from New York one strain EG\ Was regularly 
a “agua ' e ta ails t of cee transmitted (98 of 240 trials) by English grain (EG) 
remote <n 1 had an infection @PMds_ (Macrosiphum granarium (Kirby)}) and rarely 
type 3 instes ' a os »« Of 214 trials) by apple grain (AG) iphids (Rhopalo 
: E 3 oe é phum fitchu (Sand.)), whereas another strain (AGY) 
ee ee ae was transmitted regularly (98° of 239 trials) by AC 
‘ ng ‘i edge _ iphids and occasionally 13 of 221 trials) by EG 
plants inocu , aphids. When the source leaf was infected by both Virus 
X 1a strains, as evidenced by regular transmission of virus by 


7 i " Dat iphid species 


, ilter acquisition feeding on opposite 
" ed ae ce anal Nall-leaves, vector specificity still prevailed with EC aphids 
er ae P : tly inflo but not with AG aphids. Results of a subsequent transfer 
pe “i “ \ sbst i cutee showed that EG aphids had transmitted only EGV from 
aerate P , ‘_* each of 6 doubly infected leaves. In contrast, the strain or 
ee sy “ : an = strains ransmitted = tror t nm of the 8 doubly infected 
— ne c ‘ s by AG aphids were subsequent], transmitted regu 
} | vat woth AG and EG aphids Phe ipparent transmis 
nai ~ t! rus strains OuDLY Infected leaves by 

, AG a 1s ntinued tl iy several serial transfers in 
< stances 
it pea stre PSI ROsSENKRANZ, 

. j seed AND DD. J. Haceporn \ search for a i sion host for 
= . WPSV has re sulted lis« é it ¢ amaranti 
erat v be used as such. R ed inoculations have pro 

ice screte ircular sions, 2 4 in diame 
BR t no ted leaves. This plar ns suscepti 
R P { 


noculation 





V is ves fp eT . - na ! rie rubbing 
vO ind j ethod tested. T] hest suitable dilutior | the virus ap 
tured I i i ror i pears Tf t l L000, ind thre te perature lor best lesion 
hioche solu amir wid formatior es between If 1 20°¢ \ photoperiod of 
ind a le | i I f s is considered é nd e t he development 
isparagil : , f i esions than other dav lengths Necrotic lesions 
imir ity ' threo levelop faster and are irger at Wy It-c than at 350. but 
nine. irginir i veine the fina esion number is about equa Plants at about 
lysine ind 7 t I stage re r t t is than others 
consisted { py done eal “ion plays a considerable role, the center I. ives 
carboxylic I : = giving th st ifor results. Tr period is 





nono-, 
ne, and 
as well 
i DNA. 
nusually 
issue In 
duction 


ex posed 
ie sum 
im Var 
me of 
ereen- 
sy mp- 
res of 
1 were 
id cul- 

After 
alfalfa 
Tes so 
is typi 
of in- 
stream 
to soil 
eloped 
the 


d with 





and 
vellou 
1 trom 
dw irf 


rarely 
Cpalo 
AGV) 
y AG 

EG 


virus 


posite 
phids 
inster 
Irom 
in or 


ected 


“ion 
1 of 
nent 
ons 
ul 
7 
bout 
ergs 
ives 
| 
i 5S 





se é ¢ 
} tes dest Du sens greates I 
l ndet ‘ | S sie 
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. infested with the itodes singly I 
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The influence of tobacco mosaic virus (TMV) protein 

e intectior roces SANTILI VINCENT, AND Jia-Hst 

W The time required for the maximum number of lesions 

ippear on leaves after inoculation was determined for 

following ino i standard IMV on Nicotiana glu 
(NG) ind P? £aris \ 


ir. Pinto P): recon 


stituted TMV on NG; heat-detergent-treated, partially de 


ided TMV « P heat-detergent- ribonuclease—treated, 
partially degraded TMV on P: alkaline-treated, partially 
legraded TMV on NG: and TMV ribonucleic acid (RNA) 
NG ind P he nu ber of lesions reached their maxima 

iv sooner fror PMV RNA than from TMV esions 

Lhe ocula reached their maxima a day o1 

iter For alkaling PMY lesion delay was propo! 

to the imount of “ wmrecular welght PMN protein 


he imoculun lr} vy explain the results with recon 


rest of the ! 


1 TMV It is : ite that any disturbance to the 

is proteu her | a sion of extra protein of 

“ | 1 of ' nd g ises the t e re lired 

| he has ‘ ‘ hy ! ' ans hus ¢ ns 
! MISS me r mining soil populations of 

D } j Sayre, R. M AnD W. B. MioUNTAIN 


\ bioassay method was developed for determining popula 


I< { DD ‘ r n cK SOLS ising onion 
ediings as the test plant Equal numbers of seedlings 
were grown in uck soil infested with known populations 
{ D. dipsaci in a radient series, under controlled condi 
ions ‘ ght an é perature After 7 weeks mortality, 
bioating, ind reduced creel weight oT seecdiings were 
lated accord to thre nitia soll population, and cor 
responding host response curves were established Also, 
umbers of me itteodes finally recoverabl from seed 

os ol eact series were correlated witl thie respective 


nitial populations of the nematode Phe lost accurate 


eans of detectin ow populations of the nematode were 

ind to be numi I seedlings ited and ft ber of 

I erable nematode Such criteria indicated the pres 
ence of as few as 10 nematodes per pound of muck soil 
sO temperatures were tound to influence oth disease 
symptoms and number of recoverable nematodes The rate 
. 4 itode reproductiotr n onion tissue was tound to fe 
reatest at 70°I seediil nortality and bioat were ilso 

st severe a 0} ng w ‘ ‘ it BO°} 


( ar SCHEFFE a F D Linntam B. Wares 
Leaf tissue fre niected plants grow! ! i ow-N regime 
id higher © iptak than comparable tissue tron nin 
fected low-N plants. In contrast, leaves from high-N plants 
Hid not respond to intection py nm increase n respiration 
After intfectior eaves aft ow-N plants became ess sensi 
e to slonat if O. uptake, whil fection of 
} \ plants « shift nate 
\ Ability t xidize ( ipeled sur nat paralleled 
ifts in malonate ser tivit () ptake by leaf disks from 
seased ind f ny ints was equal stimulated by 
2.4-dinitroy ne DNP nd intermediate stages 
lisease: res ta In stem tissue. O 
was n of v-N plants, but 
hange itt t high N plants In cor 
ly DNP } t ted O. uptake b 
" te S ! it I liseased s; Os up- 
ste ces 1 diseased nts Ww stimulated 
in eve f DNP | 0 10 V/ This suggests 
pling of on d phos] ter inte 
; Other XI : nde determine 
R ’ a ee . elt 
n. SCHI Richard D. Seven pathogenic races of 
| scald disease rvanist L)S.8./ from Pennsylvania 


Tennessee. Sout! lakota, Califor: North Carolina, and 
Af: Esean een weeds series of teats screen 991 lines 
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contents phloem then formed in 


Abnormal replacement 
oriental rootstocks, but rarely in French stocks. 
tubes of the replacement phloem 
formed. Then rays 
expanded tangentially by and hyperplasia to 
replacement of this 
crushed tissue in annual phloem rings was useful for deter. 
mining how many years a tree had been diseased. When 
the cambium at the bud 


In severely 
diseased trees, the sieve 
almost as soon as 
hypertrophy 


became necrotl 


phloem The presence 


crush the 


bark was removed trom the tree, 


union was sometimes brown, and the innual rings were 


thickened 


ré or euttings from 


Effect of 


weet over 


temperatu wound-tumor 

Secsky, M. I snp | MI. Brack. When 
cuttings are made at the same time Irom a single plant of 
Velilotus officinalis, clone C10, infected with the vectorless 
strain of wound-tumor sometimes some cuttings are 
intecte d and othe rs are not Lise ised pl ints were subjected 
constant-tem- 
perature chamber under taken 
from these plants after different intervals of treatment: were 
planted in flats and grown in a greenhouse. Many of the 
s. on tops and roots, for 


virus, 


to high temperatures (50 or 40°C) in a 
irtificial light Cuttings 


treated cuttings were Tree of tumor | 
two or more successive veut live prof igatione-. The longer 
the heat treatment the greater was the percentage of 
symptomless cuttings About 4 of the treated cuttings 
remained symptomless, whereas not more than 20 re- 
tined symptomless among untreated controts \ large 
percentage of diseased cuttings were imor-free when 
srown at 14°C, but many cuttings derived trom them 
showed symptoms when grown in the greenhouse 
Roc rot and vield of corn in rotations, SEMENIUK, d., 
(forn roots of a commercla nvorid in experimental held 
! itions near Clarinda, Ames, and Cresco, lowa. were dug 
during September, 1950 and or 1951. to depths of 8-12 in., 
washed free of soil, and scored for rot severity and other 
characteristics. Corn y ds at the three vations were gen 
erally lower in those rotations where root rot) was more 
<evere and where fine roots were ess abundant Root rot 
was usually more severe ino short) rotations ol ontimuous 
im. corn-oats, corn-oats and sweet clovet ind corn-oats 
eadow than in tong rotations of corn-soybeans-oits 
eadow cornm-oats meadoy neadow, rn-corn-oats 
eadow-meadow It was lore severe In second- than in 
! ir corn, equally severe it mtrol and in PK-fertilized 
plots. and usually less severe in manure~ or manure PK 
fe ed than in control plots Decreases in vield and 
}) val nad mecereases n ! t rots t ipppre ired is 
‘ il | 


it i 
roots were dug to depths of 8 12 inches u July, August, or 
Septe vr, L944 1945. and 195] Phe ots were washed 
Tres f soil and scored for the proportion of rot Signin 
flerent scores for = ndarv roots were obtained 

! 95 inbred lines in August. 1944 and 1945 The 

es r the two vears were highly correlated In 1944, 

he t seores ol esocotvis wel orre ted with those of 
pr ry roots on July 7. and the rot scores of primary roots 
on Ju were correlated wi se of secondary roots on 
Aueust 18. In 1951, when 7 inbred lines and thet 21 possi 
wv osingle-cross hivbrids wet planted, the rot 

act re gene! \ ess - hat for either 
of t pare! ines on Augus ind 2 it the scores 
ranged between the parental =< on September 27 A 
W,.-V graphing ol the data supplied ¢ dene that some 
! i nes carried a preponderance I ominant genes 
for t scores and f dance, while 


re | T ct stiles 

Le é a? fable har "i f sa s 
SIEGE! \LBE! Nitrous-acid-treated tobacco mosaic virus 
| “ 1 popu tio rt esl < i < T V; fiana 
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tinosa with a size mean smaller than that produced by 
untreated virus When 98% of the infectivity of a Ul 
strain virus preparation is inactivated by nitrous acid, the 
survivors produce lesions with a mean diameter of 0.83+ 


0.046 mm, as compared with 1.28+0.065 mm for lesions 


from untreated virus, ¢ omparable figures for the U2 strain 
0.62+0.033 mm for treated virus and 0.930.036 mm 


are 
for the control. Lesion measurements were made 6 days 
ifter inoculation on plants maintained at 20°C under con 


tinuous light. Lesion size was found to be a_ heritabl 
characte! 
dividual tobacco plants. After a period otf growth, virus 


was extracted from each tobacco plant and tested for size 


Isolates were made by transfering lesions to in 


of lesion induced on leaves of \. glutinosa. Of 10 sucl 
isolates from treated U1 strain virus, 6 were found to pro 
duce smaller lesions than a control isolate The data in 
jicate approximately one mutation event leading to small 
esion size for every 4 killing events. Mutation of lesion 
size 1s independent of other types of mutation observed, 
and appears to be unidirectional 

Reduct / tobacco mosaic virus on tomato seed by 
rmentatior Sincitairn, J. B. Tomato fruit were harvested 
ut 3 different times from field plants that had been either 
ited with tobacco mosaic virus IMV) or uninocu 
lated. Seed with pulp was extracted trom the truit at eact 
harvest and separated into 2 approximately equal portions 
The first part was washed and dried immediately after ex 


traction ind the second part was fermented about 10 days 


il ype ntainers before being washed and dried. Eacl 
seed lot was assayed 3 times in a 10-month period on Vic 
tiana glutinosa for the presence and concentration of TM\ 


owed a highly significant reduction in concentra 
tion of TMV from seed that had been fermented in co 


‘ seed that had not been fermented. In seed 





paris 
samples wl concentration of TMV was relative 

w, | f fermented portior f the same ed 

we ! tree ot the vil . A csavs aot seed 

f y use-grown plants inoculated h TM\ 
ul {1 and treated in the same \ G e similar re 
ults 

De ed rot in a ga Ha SINGH 


Forspes. A latent-type bud infection wit 


red rot : ‘ non if sugarcane seed pleces planted I 
Louisiana The fungus, Physalospora t ! nensis, can te 
isolated tre the eal sheaths, eal scars, and buds ot ! 
leveloping shoots However, no midrib sy iptoms deve | 
inde d conditions until after 4.5 onths. In greet 
house ilations, where conidia are placed behind 
sheaths pots develop on the leaf sheatl within 48 he rs 
nd or idribs within 6 days. Lesions appear on 
inder surface of the midrib first, and on the upper surf 
ater it the fungus could not be isolated from betweer 
the - . Sines itvpical spores al! produced ! tt 
fib ~ bundles and adjoining cells of the leaf, it Is 
poss t these iv be an importar ol spread of 
t ~@us the leaf. Placing spores on the surface 
ininju! iribs does not result in red rot lesions, but 
the ft is can be isolated from such tissues. Microscoy 
eXa s shown that the get nal gy si 8 8 

t . ¢ r he XV culicte Es Phis 

ges h infections lie dorma he 

suff t he vitality to be | 1 i point wher 
the es growth and d S101 

S r P a rT, ; 

, ( ha ywrod ty Cephe ; 
grar Spatpinc. D. H.. ¢ W. Breen ww R. J 
Fostt f ale or r gramine ] - =f ind 
dext XVilOseE gala ~¢ . ile 
rhamno- iltose, trehalose, rafhinose ind = stare! more 
slowly; sugar alcohols, not at all. | f 3-week 
tures n modified Richard’s solution at 20°C, initia 
pH 5.5, possessed type I polygalacturonase (PG) d 
pectinesterase activity. Small amounts of reducing sugars 


were detected. PG was most active pH 5.5. with litt 
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hydrolysis at pH 4.2 and 7.2. When heated 20 minutes at 
60°C, dialyzed filtrate at pH 5.5 lost no PG activity, but at 
pH 6.8 and 4.0 respectively lost 63% and 100°. PG pro 
duction in still culture was greatest at 20°C. No proto 
pectinase was detected using carrot tissue discs. Cellulase 
(Cx) production was greater with cotton as the sole 
carbon source than with either filter paper or carboxy 
methylcellulose. Polysaccharide is produced in liquid cul 
ture with sucrose as the carbon source. Heated and un 
heated filtrates caused wilting of excised tomato plants and 
decreased water uptake of both excised tomato and wheat 
plants 


The effect of washing on the carbon metabolism of the 
bean rust uredospore. Starves, Richarp C,, ano H, P. 
Borcurittp. When bean rust uredospores utilize NaHCl40O 
or sodium acetate-1-C!4, most of the label in the anionic 
fraction is present in succinic, malic, and malonic acid, 
Only a trace of citrate is formed. After thorough washing, 
citrate becomes the predominant acid. During short-time 
periods of carbon dioxide fixation, most of the label in the 
amino acid fraction appeared in aspartate in unwashed 
spores, while in washed spores the glutamate family of 
amino acids contained most of the activity. Increased for 
mation of citrate in spores after washing suggests the pres 
ence of an endogenous inhibitor of citrate-forming processes 
that can be removed by washing Aeration of the spore 
suspension produced the same effect 

ly lerspecific transfer of wildfire resistance and varietal 
reaction, STOKES, G. W 
terium, Pseu lomonas tabaci has been transterred from 


Resistance to the wildfire bac 


Vicotiana longiflora to N. tabacum and is present in the 
irieties Burley 21 and Ky 61, respectively, released from 
the ULS.D.A. and the Kentucky Agricultural Experiment 
Station. The interspecific hybrid \. tabacum (n 24) 
ongiflora (n 10) is reported (Goodspeed) to have a 
pairing range ot o 9 Il at meiosis Crossing over between 
! 


omologous regions of the paired chromosomes is possipie 
ind probable with homology it this level If the crossoverT 
included the wildfire segment, the exchange would yield 
n \. tabacum chromosome carrying the gene for wildhre 


tance. Similar wildfire reactions in the above varieties 


would be expected if this were the case | progenies 
trom rosses between Burley 2] and Ky 61 on susceptible 
plants were different in their reactions to P. tabaci 


Progenies of Burley 2] were more uniformly resistant than 


progenies of Ky 61. indicating that the gene for wildfire 
resistance is more efficient in Burley 21. This could be due 
position difference in the \N. tabacum genome 
The effect of temperature on the interaction of potato 
iruses X and Y in tobacco. Stourrer, R. | ano A, I 
, 
Ross. Equal numbers of young Turkish tobacco plants 


inoculated either with a mild strain of potato virus X 
PVX\) or with PVX plus potato virus \ PVY) were 
iintained at different temperatures in 2 constant-tem 
erature chambers following inoculation The plants were 


en 400-000 ft-c of light for 17 hours each day At inter 
| 


s, the first uninoculated leave invaded during systemnK 
verment icute-stage leaves) were sampled, and thei 
ce together with a frozen PVX standard, were assaved 
in Gomphrena globosa In plants inoculated with PVX 
ilone and held at 19°, 28°, or 32°C, PVX concentration 
n acute-stage | ves was highest at 19 ind lowest at 32 
his is also true for doubly infected leaves, but the differ 
ences due to temperature were not as great as with singly 
nfected ones The ratio of the concentration of PVX in 
loubly infected leaves to that in singly infected ones was 
2 at 19°, 5:6 at 28°, and 10:15 at 32 e PVY con 
entration at 32 was not significantly different from that 
Toxicity of acet acid to Cladosporium cucumerinum 
Srriper, D. L. C. cucumerinum in a semisynthetic liquid 
nedium, containing 1.5 citric acid, grew at pH values 
about 2.5 to 9.0 with an optimum between 3.5 and 
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S is : ( ted with R. so ‘ 
¢ planted, and wit i suspension ot ¢ Ss and 
i : e of pla Three weeks 
the era ergen for each treatment 
‘ perce | he s: M. jave 
VU havla R a 
pilus R / apla } < R 
. | 1. In southern Califor 
ne 00 S00 P s/] t f soil) ot he 
le l ¢ nd severe 
x! ds Le pre f Triche , 
< 1 ‘ | t } . teste r the 
‘ pes - i\ s( | im | ind 
S| The t population Was 140 
! After 12 . ng nu rs 
! g { s ‘ SCL 200, L 13,900, 
LOO At 19 “ numbers were 
200, L 28.700 ‘ 1.700. This nematode 
Os ipid ind 1 tl highest concentra 
d Va Howeve e poy In the sand 
a rapid \ ilfter 1 rst i )) Gg wh le it 
ntinued to ime \t the terminatior f 
pil te sol . Pies eacn s pe were 
1 ( peratures of A) After 4.n ~ 
4 of the 77 uN ed in the | 
n tl silt la or sar ‘ mat aa 
Ty} ho il ed ou ‘ - elay i 
‘ ind nol! es sul g 
were id ! ile. 
nitroger ; £ ; ipor fhe 
rey M. Nasu. ano WILtra (, Snyper. Patho- 
he soil-borne fungus Fuse ni {. phaseo 
=, Phaseolus g - governed by the nuts 
fungus itself This s shown V infection ex 
hich droplets of itrient ntaining spores of 
ere placed n xeised bean stems in Pe I 
hambers. In thes xperiments, pathogenesis 
te! period of sapropl c growth on the sur 
ost The for itor f the thallus occurred 
ft the nutrients used It is the duration of this 
phase prior to pathogenesis that is differentially 
the vpe of nutrient tilable to the fungus 
ence z= F os spor eT nat n and thallus 
ok place readil but the onset of patho 
ved. In tl resence of nitrogen, particularly 
es of nitroger etration ¢ irred sooner 
= Tor ition a period tT saprophyti 
fore was not as prolonged. 1 disease de 
- enhanced | regen nutrition of the fur 
ed by glucose tritior the fungus 
se eterr Weloidoemne i 
fersey a f J TRIANTA {yl 
» Hepwic Hirs The post-infectior 
[ M = studie n tomato roots 
s). Following penetratior roots held at 
ts in femal e following 
na i—is % - i ew rs tourt! 
Adult f les apy ¢ lod s after penetra 
lave ter st ed yos. Sex was distir 
erow t u I lie larva 
gonads, and ile rvae 1. Cond ns unfavor 
evelopmer { tl itode luced maleness 
= I b (1 i it Oo | =t 
grown second r e d ped into adult 
ie gave = = with | testis, fe ile 
we xX revers ! le ped into males 
s. Sexua indifferer t rvae differer 
ibundant und nditions f food stress 
ipparent le 1 f : nd-stage fe 
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ale arvae through sex reversal ihe majority of true 
es possess ed 1 testis, while most intersexes possessed 2 
Wi rpl gical and phy siological variation ir We oidogyne 


incognita and M. incognita acrita PRIANTAPHYLLOI 
4 C.. ano J. N. Sasser. Fourteen single egg mass or larval 
solates tron 12 populations collected trom Y states were 


propagated on tomato for 12 generations. Perineal patterns 


/ mans solates ranged from that of typical incognita to 
typica rila type. Characteristics specific tor each isolate 
it <t generation persisted in the 12th generation 
Different hosts (cotton, corn) did not influence morphology 
of the perineal pattern over a 20-month period. Progeny 
from individualts selected for a certain pattern type during 
$} successive generations exhibited the same general pat 


tern variation as did the original isolates. In general, very 
young females had patterns with finer striae than mature 


females. The acrita-type pattern, as shown in cross se¢ 
tions. was formed of regular cuticular striae and of addi 
tional foldings of the outer cuticle No correlation was 
found between type of pattern and ability of isolates to re 
produce on cotton. Most isolates reproduced slightly on 
resistant tobacco (Bel lines) and tomato (Hawaii 9229) 
Three t » successive transfers on resistant plants resulted 
in clones of the isolates with increased reproductive rate on 
these plants. Clones built up on resistant tobacco repro 
duced on resistant tomato at the same rate as the original 
ise s 

Deve pment of resistance to strepton ur hy Pseudo 
monas tabaci ProutTMan, Josernu | Iwo isolates of 
Pseudomonas tabact’ were subjected streptomycin 


etre \ ;-In.-diameter well was made in the center of a 
PDA plate to which 1.10 ml of 20 

was added after the agar was streaked with the organism 
resistant isolates were picked off the edges of the streaks 


streptomycin nitrate 


nearest the well These isolates were then passed through 
tobacco to maintain pathogenicity and again subjected to 
the streptomycin treatment. This process was repeated 8 
times. The isolates showed a rapid loss of sensitivity to 
streptomycin during the early transfers, with a gradual 


leveling off by the end of the eighth repetition. A culture 
not subjected to streptomycin was used as a control, Sta 


bility in the absence of streptomycin Was tested by alter 


itely passing the resistant isolates through the same proc 
ess in the absence of streptomycin ind only a slight de 
crease in resistance was noted 

Phyt phthora fibrous root rot oft (ru itfected by Sol 

tors. Tsao, Peter H. Phytophthora parasitica is the 

iin causal fungus of citrus fibrous root rot in an orange 
rehard at Mentone and in many other California citrus 
groves. Disease potential of this fungus is usually higher 

soils at the wet irrigation furrows than at the drier, un 
rrigated under-tree regions. Soil factors other than soi 


isture that affeet P. parasitica in the Mentone soils were 


died in greenhouse experiments using combinations of 
steam ste vation and artificial infestation of portions of 
two soils. The under-tree soil had a lower pH, higher 
salinit wer Phytophthora, and higher total fungal popu 
itions than the furrow-bottom soil: the two soils had near 
if i phvsical properties Reduction in growth 1 
sweet orange seedlings in. artificia nfested soils was 
greater! vith steamed furrow-botton than with steamed 
nder-tre “4 . ind was greater ith steamed than wit! 
unsteamed soils. Soil pH studies showed the under-treé 
soil (pH 5 was too acid for optimal Phytophthora infee 
lor lr ire inhibition tests will fungus isolates cor 
Or found in that soil showed that inv were antag 
nisth Phytophthora spp. Thus, in addition to soil mois 
tur I chemical and biologi ~< factors affected 
s the mode of infe : pread of Phy 
fophthora igarcane seed piece VAN DEI ZWET | . AND 
R. J. Stein. Two-eyed seed pieces of the varieties C.P. 36 
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13 and N.Co, 310 were planted in crocks of sterilized soil 
and placed outside th 
one half of the experiment, the soil was infested by the ad 


greenhouse during the winter. In 


dition of sterilized oats on which the Phytophthora isolat 
was growing abundantly, while in the other half the seed 
pieces were inoculated by cutting a hole in each internode 
ind placing 5 oat grains with the fungus in each hole 
The cane pieces in the infested soil were dug and ex 
amined 2, 3, 5, 7, and 9 weeks after planting, while the 
inoculated canes were examined after 10, 15, 20, 30, and 50 


days. First signs of infection in the infested soil were at 
the root primordia and buds, from which tissues the fungus 
was consistently reisolated, After 9 weeks, C.P, 36-13 
showed 67.9% of the root primordia and 80.0% of the 


buds infected, this being somewhat less for N.Co,. 310. In 
the inoculated seed pieces, the fungus spread rapidly, 
reaching the nodal regions 20 days after inoculation and 
rotting the internodal tissue almost entirely after 50 days 
Since the uninfected root primordia and buds never germi 
nated, while the control canes had an abundant root system 
and 70-80% bud germination, it is suggested that a toxin 
nay be produced by the Phytophthora isolate 


Growth of Armillaria mellea at alternating and constant 
temperatures. VARGHESE, GEORGE, AND Haroip S. McNape, 
Ik An isolate of A. mellea obtained from a strand of rhizo 
morpha subterranea growing upon a living lateral root of a 
suppressed northern red oak was used for a series of pure 
culture studies. Temperature investigations included the 
effect of certain ranges of ilternating as well as constant 
temperatures on growth of A. mellea Among the ranges ol 
alternating temperatures, 20°C. for 15 hours and 30°C for 
9 hours 


ive best growth. A temperature of 20°C gave 
optimum growth in the constant series Good mvcelial but 
little rhizomorph growth was evident with alternating tem 
peratures. Rhizomorphs developed the first week and were 
prolihe in their growth at constant temperatures between 
20 and 30°¢ All cultures were originally inoculated with 
rhizomorph material Alternating temperatures tended to 
favor mycelial development over rhizomorphs 


Dormant plant symptoms for identification otf the shoe 
string virus in the Burlington and Jersey highbush blue 
berry varieties. Veenstra, M. A., ano J. E. Hucueres 
Continuous field studies through winter, spring, and sum 
mer on infected blueberry bushes disclosed characteristic 
dormant symptoms on one-year-old wood. Oval blotches 
ind streaks ranging from 0.5 to 15 em long and varying in 
color from light to brilliant red, in contrast to normal vel 
low wood, were noted on the cane surfaces of Burlington 
ind Jersey varieties. These symptoms correlated with posi 
tive summer symptom expression proved reliable within an 
error of 1% 


reduced from 9.36 to .09% in 2 vears by roguing according 


Infection incidence of a 4-acre planting was 


to dormant-plant symptoms. Identification of shoestring by 
these symptoms will facilitate rapid regulatory inspection 


ot plantings of these Varieties Furthermore. removal of 
infected bushes can be assured before the next growing 
season 

1 simple method for maintaining single-species cultures 
of nematodes in the greenhou Warp, C. H \ simple 


method of excluding undesirable forms of nematodes from 


single species cultures has been developed Previously 
nematode-free plants inoculated with a single species and 
ke pt in the greet house seldom remained free of contaminat 
ing forms for any length of time Ordinary greenhouse 
pots or cro ks containing soil were steamed illowed to 
cool, and then placed in polyethylene bags Several orders 
f inoculation seeding, or planting were followed with 
similar results The bags. which were 2-3 ft. taller than the 
pots, were left open at the top, and the tops were secured 
to rings held stationary by supports anchored in the pots, 
ntroduction of contaminating nematodes into the cultures 
hrough splashing or from the hose during watering was 
prevented by watering each culture through a semi-perma 


nent inlet or through a closable opening in the side of each 
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iw. P ippeared norma mined. With high coneentrations of injected virus, all or 
Greenl itodes kept iImost all of the insects supported SA synthesis. Titers of 
undet of nants for individual insects corroborated the average titers as cal. 
b montl ed. W e water supply ilated from mass titer data. Comparison of serological 
rv he t | s recom ind transmission data demonstrated that some leafhoppers 
ended -upporting SA synthesis failed to transmit virus during 


elr entire lives, 


‘ Wi ers. L. (¢ Effects of virus infection of legumes in Minnesota. Wu. 
Pinte etely when coxson, R. D., R. W. Gorn, anp H. L. Tuomas. Appar. 
W : Ind ra “ah naa ently healthy plants (14 red clover clones and 6 Ladino 
ee nl wellow-vein ver clones) and those with severe virus infection symp. 

- WI , nfected witl toms were compared in the field. Diseased red clover plants 
i sa fad ; TT iweraged 8 in. shorter than healthy plants and had only 
a ae tered the psorosis half as many branches from the crown Flower heads and 


Horets per flower were, respectively, 59 and 38% fewer in 


shies Sh A eS number on virus-infected red clover plants than on healthy 
vith play , , vitl ' sses plants Flower head production by virus-infected Ladino 
‘ Hi ; : : i ptoms ee clover plants was 66% lower than that produced by healthy 
a ie 1) vee Be plants, and the number of florets per head was reduced 
‘ons. wi SEN virus it iW Healthy Ladino plants formed 216 seeds per head, 
creased the pt : tn. Sloot but diseased plants formed 26 seeds per head. In addi. 
Indian lime r d le wm tion, petiole length and leaflet size was 50° smaller on 
Limor ‘ ! = n virus diseased Ladino plants than on healthy plants, The same 
Sndenad (i ate nikon virus affecting Ladino clover in the held was studied in 
sympte PAE allan other legumes in. the greenhouse On black-eyed peas, 
vein viru f ruplin. andl only local lesions formed. Leaves of pencil pod beans that 
ein-enation hether ¢} viruses were formed after inoculation were stunted, chlorotic, and ab 
smtroduced ' ars ad with one scissed prematurely. Typical mosaic symptoms developed 


ik sn on sovbean leaves. The most severe efleects were observed 
virus prio! 
on Perfected Wales peas, the leaves of which became mot- 


ae a oe a tled ind then chlorotic and necrotic, and within 15 days 


of inoculation the plants were dead. 


and G. W. Coc ' n of tobace osaic virus 

rM\ by KN , ; Stl Effect of crop sequences on soil fungi and soil-borne dis 
action of RN ‘tel PMI\ se RNA} eases. Wittiams, Lansinc E., ano A, F. SCHMITTHENNER. 
ction or NN ‘ , - ~e R \) The effect of 3 years of continuous cropping and all possl- 
¢ cepted i tior Oxidized S 1] 
Is accepted xia LLNaSse, ble 2-year sequences of corn, wheat, oats, soybeans, and 


previously a to th yeast RNA, alfalfa on numbers and types of soil fungi was tested over 
did not de PM\ vole an equa: concen a 2-year period, Eighty-six groups of fungi were identified, 
using a soil dilution plate technique, from continuous-crop 
soil as compared to 117 from rotation plots. Rotation of 


crops resulted in a soil mycoflora that was richer and at 


tration of RN eased nfectivity io 

Oxidized RNa rea n infectivity of cucum 
ber mosai I ‘ rac \ 
with infective RNA (MEN Kau oncentrations of 
reduced RNa result ota of fectivity 
though reduced RN | ible mplexes with TM\ 
in sal ; é : : flora differently than when it was planted in sequence with 
complexes ¢ iM\ a salt-trec tions could other crops. Twenty-seven groups of fungi were significant- 
ly affected in the rotation plots as contrasted to 18 from 


the same time more variable from treatment to treatment 
than resulted from continuous planting of these same crops, 
Also, a crop planted continuously affected the soil myco- 
| 


be dissociated it tk reduced intectivity 
was not reverse 1} ot Is ( vy result the 


ing trom nixt P\I\ i RNa educed) 1s prob both 


continuous-crop plots. Eleven groups were common to 
types of treatments, whereas 15 groups were affected 
by the rotation treatments only and 7 groups were affected 
. by the continuous treatments only. [It was apparent that the 
host cell in | “it oreciie 01 fungi were more affected by the preceding rather than the 
, : se to fol last crop planted, Thirteen groups of fungi were signifi- 
cantly affected by the preceding crop regardless of which 


the lack of bondi RNas t of the ct 


crop followed, in contrast to 4 fungi that were significantly 


enzymatic re PMV-RNA re d within the 


bondin ety . rou] affected by the last crop regardless of which crop preceded 
it. In the case of 9 fungus groups the effect of the last crop 
Serolog antige? depended upon which crop preceded it. Diseases of the 
{ga \ R. F., anp L. M. Brack » crops were also affected by the 2-year sequences. Of the 
Ultracentrifu . licate that wound » crops, sovbeans resulted in the least disease and greatest 
tumor soluble s/A i ilar-weight vields in crops that followed 
protein or J t ind ul nt of SA 
synthesis at 2 ( f nie ! f fea 1 or {mino acid and sugar changes ir tcumber fruits in- 
stricta witl nd-tu virus, was fect vith Pythium aphanidermatum. Winsteap, N. N.., 
studied by the | ‘3 h « entrations and ©. L. MeComes. Biochemical changes in amino acids 
of myected rus, t s/\ ' f OO sects was and sugars of cucumber Iruit infected by Pythium 
shown to be first k day fter injection, and iphanidermatum were studied by chromatographic methods. 
to rise ibout 1.2 1 piate 1 lieve it about 9 Cross-sectional slices of Model cucumber fruits (No. 3 
days. In one exper tt . i was ntained size) were inoculated with Pythium aphanidermatum.. Fol- 
through at least the 63rd ontrast to these results, lowing infection, alcoholic extracts of comparable infected 
the incubation pe is determined by trans ind uninfected tissue were chromatographed for differences 
mission in individua iris fre inimum in sugar and amino acid content. The principal sugars in 
of 10-14 days to x f 34-43 da Most-frequent healthy fruit were glucose, fructose, and sucrose, and the 
transmission ¢ rred d the fifth and sixth weeks fungus appeared to utilize all of them. The most promi- 
after injection. SA ¢t lual is ts were deter- nent amino acid in extracts of infected tissue was a-alanine, 
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with a concentration about 5 times that in uninfected tis 
sue. Aspartic acid, glutamic acid, and leucine were also in 
reater concentrations in extracts of infected tissue. Glu 
tamine was the dominant amino acid in extracts from unin 
fected tissue, but only trace amounts were detected in in- 
fected tissue. Proline was present in infected tissue but 
not in healthy tissue. These studies do not show all the 
related changes that occur during disease development; 
however, they do indicate that sugars and amino acids 


differ in healthy and diseased cucumber fruits. 


Fungi tsolated fron oak-wilt-intected and apparently 
ealthy oak trees. Woop, Francis A., AND Joun E, Peter 
son. One thousand four hundred and forty-six isolates of 
fungi from 400 wilted oak trees comprised about 65 genera 
ind a number of unknowns. Ceratocystis fagacearum was 
isolated from 373 of the 400 wilted trees, Hypoxylon pur 
tulatum from 169, Alternaria from 77, Penicillium from 62, 
Vucor from 60, Helminthosporium from 47, 
from 40, Hormodendrum from 40, Sporotrichum from 36, 
One hun 


Geotrichum 
Stemphylium from 35, and Phialophora from 31. 
dred and sixty-nine isolates of fungi from 50 healthy oak 


trees comprised about 35 genera and a number of un 
knowns {/ternaria was isolated from 27 of the 50 healthy 
trees, H. punctulatum from 20, Penicillium from 14. and 
Hormodendrum from 10. H. punctulatum was isolated from 
70 of the 27 wilted trees that did not vield C. faga 
earum, and from 40% of the wilted and 40% of the 
healthy trees, No correlations were observed between 
specific fungi and certain species of oaks, but some genera 
were isolated more frequently from black oaks than from 


white oaks. 


Re ationship of the per cent of loose smut to vield of 
Woop, L. S. Seed of Gopher oats artificially 
inoculated by the partial vacuum technique with a mixture 
of races of Ustilago avenae prevalent in South Dakota, 
was treated in aliquot samples with 12 chemicals and sown 
in vield trial plots in randomized blocks with 4-replications 
Inoculated and uninoculated controls were included, The 


7 . 
Gopher oats 


per cent smut in a given treatment was determined from 
the number of smutted panicles per 200 counted. In 9 
treatments, significantly less smut (19-989) occurred than 
in the inoculated control. Treatments resulting in signif 
cant reductions in smut also resulted in significant in 
creases in vield over that of the inoculated control. With 
one exception, the treatments ranked the same for smut 
control as for vield increase. The range of smut control 
obtained in this experiment provided an opportunity to ob 
tain data on the effect of a given amount of smut on yield 
Percentages of smut and of decrease in yield compared 
with the vield of the uninoculated control were directly 
related (1 0.849). For example, one treatment plot wit! 


- siti 


it, another with 33% smut, and the inoculated con 


lv, 2, 25, and 42 


tr 


with 41° smut yielded, respective 
less than the uninoculated control 


Selection by tissue culture of a super mild strain of to 
bacco mosaic virus. Wu, J. H., A. C. HI_pesranpt, ANnp 
\ J RIKER \ single-cell clone of tissue (H239) trom 
V. tabacun \. glutinosa grown in vitro showed various 
phases of differentiation. Cell division occurred the first 
week after subculture. Cell elongation with little mitotic 
activity was observed thre next 3-week period After this. 
cells were often senescent. Susceptibility of the culture 
was tested by inoculation with a mild strain of tobacco 
mosaic virus (TMV) after 3, 10, 17, 25, 32. and 40 days 
The greatest virus activity (local-lesion assay) occurred in 
cultures inoculated during the elongation and senescent 
Stages \ single cell clone ot \ fabacun (222) infected 
with TMV from field-infected plants grew as well as un 
inoculated controls, but the infected tissue developed a 
yellow-brown color. Virus multiplied in tissue subcultured 
However, after subcultures, instead 
ot typical large lesions, tissue homogenates produced only 


it 4-week intervals. 


minute lesions. Comparative symptom responses on pinto 


bean, N. sy/vestris, and tomato suggested that the minute 
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lesions were induced by a super mild strain of TMV. 
Among 40 small lesions selected from 6000 large lesions on 
hybrid tobacco, only one produced similar minute lesions. 
The results indicated that the tobacco M222 single-cell 
strain was selective for this super mild strain of TMV and 
against other strains 


Infection of sovbean roots by Rhizoctonia solani WYLLIE, 
r. D. Isolates of Rhizoctonia solani from flax, alfalfa, red 
clover, barley, and soybeans comprised 3 general groups, 
based on their method of attacking soybeans: 1) cotyledons 
attacked prior to radicle emergence causing seed decay, 2) 
root cap and adjacent tissues attacked, and 3) hypocotyl 
attacked at or below the ground line. Root infection oc- 
curred in at least 2 distinct ways: 1) by direct penetration 
of the epidermal cells, and 2) by invasion of cortical tissues 
exposed by secondary root emergence. Direct penetration 
caused superficial lesions as a result of apparent dissolu- 
tion of middle lamellae in advance of fungus mycelium and 
resultant sloughing off of affected tissue After extensive 
growth of mycelium on the primary root epidermis adja 
cent to the secondary root, invasion of the primary root 
cortex proceeds as far as the endodermis without invading 
the secondary root tissues. 


Interaction of potassium gibberellate and a stunting bean 
virus on beans, Phaseolus vulgaris. YERKES, WILLIAM D.. 
Ir. Plants of a vining bean variety were treated at two 
growth stages with 50 ppm potassium gibberellate (PG) 
or inoculated with the Mexican bean mosaic virus, or given 
these treatments in all possible combinations. Plant heights 
were regularly measured. Differences in plant heights as 
compared to untreated or uninoculated controls were used 
as an index of growth rates. The following conclusions 
were reached: 1) PG stimulates an almost immediate re- 
sponse in growth rate, through internode lengthening; 2) 
the virus slows the growth rate considerably, taking effect 
several days after inoculation and reducing growth in the 
second week after inoculation to almost nil; 3) PG has no 
stimulatory effect when applied to mosaic-infected plants, 
and its effect is almost completely counteracted by inocula 
tion with mosaic virus, These results are in contrast to 
those of previous studies with other virus diseases, in which 
vibberellic acid reversed virus-caused stunting 


Partial purification of a stone fruit virus isolate from 
cucumber, Zaituin, Mivron. A stone fruit virus culture, 
originally isolated from plum, that elicits typical necrotic 
ring spot symptoms on cherry was transferred to cucumber 
for purification studies. Leaf homogenates were subjected 
to ultracentrifugation and the resuspended pellets further 
fractionated in a continuous electrophoresis apparatus at 
2°C for about 24 hours. At least 4 high-molecular-weight 
components have been thus obtained from healthy leaf tis 
sue: an additional component has been found in the dis- 
eased material. This unique component possesses a labile 
infectivity and presumably represents the virus. The nature 
and properties of this virus entity remain obscure, since it 
migrates on the continuous electrophoresis filter paper in a 
region partially occupied by one of the other components 
Studies are being directed toward separating the virus from 
this contaminant, which is apparently free nucleic acid. 

Vew tobacco streak virus from symptomless alfalfa in 
fectious to beans. Zavumeyver, W. J. A new strain of toba 
co streak virus infectious to beans was isolated from 4 of 
5 collections of apparently healthy alfalfa plants selected 
at random in southern Idaho in 1958. The symptoms pro 
duced on beans and broadbeans by the new strain are 
similar to those produced by the red node and pea strains 
of the tobacco streak virus on these hosts. On Pinto bean 
the new strain produces less severe necrotic symptoms but 
more intense mottle than does the red node strain. Necrotic 
and mottle symptoms of the new strain are more severe 
than those of the pea strain of the type virus. On some 
bean varieties the mottle symptoms of the new virus are 
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obtained on the 


a clone of 


were oat variety Ascencao P.1. 186603 from 
race 202 of Puccinia coronata previously produc. 
ing only an “O” reaction. Such pustules occurred in the 
eighth and subsequent uredial generations following single. 
purification of the original The culture de. 
rived from these pustules produced a Victoria-type reaction 
Ascencao and was different from any culture previously 
differed slightly from the parent culture only on 
in addition to the major difference 


spore clone. 
on 
tested. It 
Irispernia and Boadvic 


on Ascencao in tests on 26 oat varieties and selections. The 
single urediospore source and isolated culturing of the 
original clone suggest that either mutation or premature 


karyogamy was responsible for the changes in pathogenicity, 


ZUCKERMAN, 
a previously unde- 


highbush blueberry 


microstictum Causes 


Coryneum canker of 


B. M 


C.orvneum 


scribed canker on Vaccinium corymbosum in eastern Mas. 
sachusetts. Pathogenesis appears to be dependent on pre. 
disposing factors that weaken the bush (poor drainage, 


Phe 
but field observations show that these infected stems do not 
adie In i the that 
showed incipient natural infection in the spring of 1957 
died by the following spring. Acervuli are mostly formed 
in the spring, and viable spores were recovered throughout 
Acervuli frequently form in sunsealded areas on 


sunseald) fungus frequently fruits on vigerous bushes, 


a poorly drained planting, 57°7 of stems 


the vear 


voung stems. The bark that surrounds the locus of infee- 
tion darkens in the intermediate phase of the disease. In 
advanced stages the bark in the area of initial infeetion 
becomes sunken, the stem is completely girdled, and the 


canker dies 
tissues contiguous to cankers form spores in 


22°¢ PDA, 


portion of the branch above the Cultures from 


living cortical 


about 2 months at on Inoculation of vigorous 


bushes with hyphal fragments and spore suspensions in 
water resulted in infection and the formation of acervuli, 
but not cankers, within 3 months of inoculation. The fun 


cus was obtained from 7 blueberry varieties and was found 


ill 16 felds examined. 
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PONICITY OF N-METHYI 
ISOTHIOCY ANATI 


R. | Wedding and 

ciM 

The production of COs from uniformly labeled 
slucose-( hy the mvcelium of Rhizoctonia solar 
was used to compare effects on glucose metabolism 
exerted by Na-N-methyl dithiocarbamate methyl 
sothiocvanate. and elemental sulfur. Dithioearba 


were both found to inhibit 


ite and tsothiocvanate iT 
indicating different 


is reaction, but In a manne 


ides of action for the two toxicants. Sulfur was 
without effect on glucose metabolism. Studies of 
the loss of soluble cell constituents from Rhizoe 


ronia mycelium demonstrated a pronounced increase 


the permeability of the mycelium as measured by 


her dry weight or P*--labeled cell con 


DITHIOM 
PO RHIZOC 


ARBAMATI 
rONLTA SO] 


AND METHY!I 
ANI 


B. Ke ndric k. hy 


stituents during incubation with the dithiocarba 


mate. Neither methyl] 
had any 


isothiocyanate nor elemental 


surlTUl eflect 


in altering permeability. The 


oxic effects of dithiocarbamate on respiration and 


permeability were related to inhibition of subse 


quent growth of the mycelium. The evidence pre 
hypothesis that dithio 
fungicidal 


effectiveness by reacting with living cell membranes 


sented is consistent with a 


carbamate obtains at least part of its 


at their in such a as to eliminate 


suler surtace way 
ieir effectiveness in isolating the protoplast from 


its environment 





lhe order of toxicity. of certain derivatives and 


analogues of dithiocarbamic acid to fungi places them 


ong the most effective fungicides available today 


ry 


The mechanism hy which dithiocarbamates produce 


these toxic effects has therefore been a matter of con 


siderable interest and the subject of extensive research 


) 


or several years (3). These investigations, primarily 


in ilyse =. have 


both the 


rowth inhibition by dosage-response 


to a variety of conclusions regarding 


identity of the aetual toxicant and the method = by 
which this toxic material effects its deleterious action 
iram sulfides. isothiocyanates. thiourea. H.S. ¢ So. 


ind ionized or undissociated dithiocarbamic acids have 


ill been implicated at one time er another (1, 2, 3. 4 
5. 6. 7. 8. 9. 10). but the 


selecting isothioevanates as the 


recent trend appears to be 


“active” it 


redient in the multiplicity of compounds produced by 


breakdown of dithiocarbamates under aerobic condi 
tions . & © Bi. 

Only in a few cases has the effect of these materials 

ie respiration of fungal mycelium been determined 

2. 4). and. because of the oxidative nature of dithio 

irbamate breakdown, data obtained by measuring the 

OXVEE iptake of fungal cells in the presence of these 


indeterminable 
W ith 


compounds are subject to variable and 


error. The present 


of \ methyl 


report is concerned the effect 


dithiocarbamate and 2 of its possible 


products, methvl isothioevanate and ele 


mental sulfur solani 


Kiihn mye 


Irom 


on the respiration of Rhizoctonia 


ellum as measured by the production of 


labeled glucose-C!*. In addi 


the effect of these 


iniformly 
tion, data have been obtained on 


the perme ibility of R. solani and on the 


survival of the fungus after treatment 

MATERIALS AND METHODS.— Disks cut from mycelial 
its of R.s int. Which had been cultured at the sur 
\ pled for pubiieation March 20, 1959 

P per No 1116 | niversitv of Califor ‘ rils | Xl 

ent Sta Riversid 
r} thors itefullvy acknowled hnica 


lace ola liquid medium. were used in these studies. 
Che liquid culture medium consisted of the following 
in 1000 ml glass-distilled water: 
asparagine, 1.92 NH,NOsg, 2.37 

MgsO,. 1.0 g: CaCl.. 0.1 
solution, 0.5 ml: 
thiamine. 200 vg. The 


to 6.8 In 


glucose, 8 g: 
KH.PO,. 1.5 g: 
gv: standard Hoagland’s trace 
Fe( NH,) (SO,)5, 0.01 gg: 
pH of the solution was adjusted 
filtration 


element 


sterilizing the medium, was not 
materially better than autoclaving in resulting produc 
latter 
The culture 
inoculated with a 12-mm disk cut from a 4-day glucose 


The disk 


cotton 


mycelium, so the means of sterilization 


these 


tion «of 


was used in studies, medium was 


potato agar plate culture of R. solani. was 


impaled on a glass hook, suspended from the 
plug in a 125-ml Erlenmeyer flask containing 40 ml of 
liquid, and so adjusted that the mycelium grew out of 
the inoculum disk and formed a heavy mat over the 
surface of the liquid. The 
7 C for 4 days. 


replaced aseptically with an equal volume of a medium 


cultures were incubated at 


ind the liquid was then removed and 


identical in all constituents except that no glucose was 
included. Incubation at 27°¢ addi 
tional 4 his 


selected on the 


continued for an 


davs before measurements were made 


method of culturing the fungus was 


1 
basis 


of preliminary experiments designed to provide 


for a maximum reproducible increment of exogenous 


respiration from the addition of glucose 


flasks 


ind washed with glass-distilled water. and disks 9 mn 


Phe 8 day old culture s were removed from the 


with a 


distrib 


n diameter were cut from the mycelial mats 
cork These disks 
uted to Warburg flasks, where they were suspended in 
> ml of 0.067M potassium phosphate buffer at pH 6.5 


lungiciade 


borer were then randomly 


cont concentrations of the 


ining appropriate 


} After a 20-minute 


peme 


investigated equilibration 
bath at 25°C. the manometers were 


'-labeled 


period in the water 
closed and 0.4 ml of 


uniformly ¢ 


buffer. giving a final concentration of 0.002. was 
Th labeled glucose was prepared by cht raphik 
separation from Canna pl -ynthate. by Dr. R. C. Bea 








tipped in from a side a1 


with shaking for 2 hours 


then tipped in from a 
CO.. and was continued 


equilibration of the ga 


( I 4( ), trom the () 2 mio 
fsck was hy or 


of the 


precipitate 


was hitered 
radioactivity 


After 


Was 


pressed in terms Of mic! 


per gram 
treatments were run sim 
burg bath, and replicat 
the entire 

The effect of the fur 


solani 


series of 


was measured by 


terials from mycelial di 
presene e of variou 

solant cultures were 
medium contamming giuce 


KH.P*20, 


per minute to each flask 


solution 


disks were cut out and w 


water. and 


taining 5 ml of iter 

of fungicide. These flask 

for 2 hours at 25°¢ iff 
were removed, dried 

on planchets. The supe 


dried on plan hets for 
solutions ind di 
G-M tube 


solutes from tre 
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end window 
loss at 


tained by drvy-weight 


cle tern 


dry weight of 
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“t with the ad 
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ippropri ite 


incubatec 


the respil ition experiment 


Iwo methods were 
treated 
suspensions of f1 
of these suspensior 
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and placed In giucose-potato 


the end of 72 hours. the 
The second method cons 


growth from uniforn 


treated disks and place 
Petri plates When the 
simultaneously with the 
found to vield substantia 
ing relative toxicity \ I] 
per cent of the untreated 
The 3 fungicidal materi 


\-methyl dithioe 
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evanate and dithiocar! 
concentrations since the 
bamate produces 
( omplete decomp. ail 
result in the prod 


CH.NHCS >» CH.Nt 
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m The flasks were incubated 
1 ml of O.5M citric acid was 
side arm to drive off dissolved 


10 min 


thre respired 


ites for 


in the center well 
Bal tO Phe 
nd dried. and 


flow counter. 
tivit¥Y was ex 
cose respired 


hours All 
2 place War 


repeating 


ieability of R 

labeled ma 
ibation in the 
ints. R 


the complete 


LOX 


dition of 1 ml 
OO.0U000 counts 
removed, and 
olass-distilled 
flasks con 
concentrations 


! with shaking 


which the mycelial disks 
1 ashed. and the ash spread 
natant olution were also 
tin The activity of P 
was determined with an 
Additional information on the 
ted mycelial disks was ob- 
ninations on disks from 


il of the 
experiments 


ad \liquots 


{1 LOO) times 
tri dishes, At 
were counted 


the radial 
if trom the 
tato agar in 
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more rapidly than does the further breakdown of 


CH,NCS, so the amount of this material used was the 
two. 


same as for the other 


The dithiocarbamate was recrystallized from water 
as the sodium salt and washed with acetone and CS,. 
This purified preparation exhibited absorbance maxima 
STi 

284 


ultraviolet spectrum of the preparation indicated po 


at 258 my and mu. Subsequent checks of the 


change during several months under refrigeration jp 
The 


as supplied in a purified crystalline form, and 


a sealed container. methyl isothiocyanate was 
used 
gave a broad peak in the region 225-250 mp. with no 
indication of dithiocarbamate impurities. Because the 
isothiocyanate required the use of acetone as a co. 
solvent, all the toxicants were prepared in 1°; acetone, 
and this amount of acetone was also added to the un- 
treated control flasks. 


pended in the solvent used. 


The sulfur was uniformly sus. 
All solutions were freshly 
prepared immediately before use. 

RESULTS. Respiration studies. Results were Varia- 


ble in 


the effect of \-methyl dithiocarbamate on the respira- 


a number of preliminary attempts to measure 


tion of R. solani, using standard oxygen uptake meth- 


ods in a Warburg respirometer. The difhculties were 
found to result from uptake of oxygen by the dithio- 
carbamate itself. The rate of this uptake was affected 
not only by the amount of reactant present. but also 
by the amount and state of dispersion of fungus my- 
the the pH of. the 


\ttempts to standardize measurements, 


celium = in preparation, and by 
buffer 


using blanks consisting of identical amounts of toxicant 


used. 
and fungus mycelium killed by boiling to correct the 
uptake at 
made it possible to obtain reproducible re- 


oxygen each concentration of dithiocar- 


hbamate. 
sults. However, uncertainty regarding the validity of 
a blank. consisting of the breakdown of the dithiocar- 
the dead cells to 


rates of breakdown with living cells. 


bamate in presence of correct for 
led to discarding 
these data. 

Errors in respiration measurements due to dithiocar- 


bamate breakdown may be avoided by using the produe- 
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Paste 1.—Dry weight loss by R. solani mycelium during 
> . - ~ 

hour incubation at 25° with different concentra 
i N-methyl dithiocarbamate at pH 6.5 


fions oO 


Dithiocarbamate Mean dry weight Weight loss 
concentration of mycelium (per cent of 
(molar) (mg) initial weight) 
0 8.78 17.2 
1.0 10 8.58 19.1 
3.2 10 8.20 297 
1.010 7.92 25.3 
3.2 10 7.43 29.9 
Mycelium killed by 
boiling 9.24 28 
Weight before incuba 
tion 10.60 


tion of C140. from labeled glucose or other substrate 
as an index of the influence of a toxic material on the 
metabolic activity of a fungus, and this method was 
used in all respiration determinations reported here. 

Comparisons of the influence of \-methyl dithio- 
carbamate. methyl isothiocyanate. and elemental sul- 
fur in comparable concentrations on the production 
of C4O. by R. solani are shown in Fig. 1. Each point 
is the mean of 10 separate observations. and the un- 
treated control rate (not shown) is 11.99 pM ge dry 
weight 2 hours. The lines are fitted by the method of 
least squares. 

It may be seen that in the range 10~*-10~-M, AN 
methyl dithiocarbamate results in an inhibition of 
respiration, with the rate at the highest concentration 
heing only 22°, of that found with untreated cells. 
The line of best fit for these data is a second-order 
parabola with the equation Y 11.6 3X + 0.2X2. 
0.978**. The 


goodness of fit of the second-order parabola is bettet 


This fit has a correlation coefhicient R 


than a straight line. but not significantly better. Never 
theless. it is used here because a few determinations 
made with higher concentrations of dithiocarbamate 
indicate that a limiting response is being reached, as 
indicated by the X- component of this equation, 
When R. solani mycelium is treated with methyl 
isothiocyanate at concentrations equal to those which 
would be produced by the complete conversion of the 
dithiocarbamate, the respiratory response is quite dif 
ferent. In this case. low concentrations of the toxicant 
produce a small, though statistically significant. stimu 
lation of glucose utilization. whereas an increase in 


concentration brings about a progressive inhibition, 


with 10-2 resulting in about the same inhibition as 
found with dithiocarbamate. The equation for the line 


for these data is 13.3 2.8X 0.7X- 


with a correlation coefficient R 0.98%6** 


of best fit 
The slopes 
of the linear and quadratic components of the equa 
tion for this line are significantly different from those 
found for the dithiocarbamate. and indicate different 
modes of action for these 2 toxicants in altering glu 
Cts itilization hy R. solani. 

Elemental sulfur was included in these studies be 
cause visual observation and chemical tests indicated 
that quantities of sulfur were produced during the in 


cubation of fungus mycelium with the dithiocarba 
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mate, and it was thought that conversion of sulfur to 
some other toxic compound might account for a_por- 
tion of the effect of these materials on respiration. 
The results in Fig. 1 indicate that sulfur had no 
significant effect on the utilization of glucose under the 
conditions used. The line of best fit is a straight line 
with a slope that does not differ significantly from 
zero. Although the individual points appear to show a 
slight bimodality in the response to sulfur, no. sta- 
tistically significant relation can be shown with these 
data. 
Permeability Determination of the dry weight of 
mycelial disks recovered from the Warburg flasks in 
the respiration experiments indicated a pronounced 
decrease in the weight of the disks that had been ex- 
posed to high concentrations of the dithiocarbamate. 
The results of measurements of this type are sum- 
marized in Table 1. It may be seen that incubation for 
2 hours at 25°C has resulted in a 17% decrease in 
dry weight below that of disks dried immediately aftet 
cutting. Cells that were killed by boiling and in- 
cubated in buffer for 2 hours lost about 13° of thei 
original dry weight. Increasing concentrations of \- 
methyl dithiocarbamate resulted in an increase in the 
amount of dry weight lost, with the highest concentra- 
tion used, 3.2*10~"%M, causing a loss of 30°. It will 
be noted that the 17° loss in the controls added to 
the 13°, loss from killed cells equals this value. How- 
ever, since respiration accounts for some fraction of 
the 17! 
bamate appreciably inhibits respiration, more soluble 


weight loss in the controls, and dithiocar- 


materials must have been leached from these disks 
than when the cells were completely killed by boiling. 

To obtain more accurate figures on the effect of 
dithiocarbamate on permeability and to compare this 
material with the isothiocyanate and sulfur, disks from 
mycelium grown on radioactive phosphate were in- 
cubated at 25°C with different concentrations of the 3 


x Methy! isothiocyanate 
© N-Methyl dithiocarbamate 


nt 


e 


Perc 


methyl 


Fig. 2. Effect of N-methyl dithiocarbamate, 
isothiocyanate and elemental sulfur on the loss of P 
labeled cell constituents by mycelium of R. solani during 


i 2-hour incubation 
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Flemental sulfur. within the limits of accuracy of 


the measurements obtained, had no effect on glucose 
itilizatie n by R solani. and probably does not con 
toxicity of either of the 
organi should 


as noted that. though oxvgen uptake and sulfur pro 


tribute significantly to the 


sulfur fungicides. In this connection it 


duction by dithiocarbamate was rapid and copious, 
onlv a very slow rate of oxygen uptake and no detect 
sulfur was found in preparations containing the 


bl 
iii 


methvl isothiocvanate 
The permeability measurements reintorce the con 


that .\-methyl dithiocarbamate and = methyl 


clusion 
‘thiocyanate do not have a completely common 


Van der Kerk and Klopping (4 


methyl dithiocarbamate in a group of fungicides that 


Wde of action 


pl ice 


ive a general, nonspecific toxic effect. mainly on the 


is of growth inhibition studies with 4 different o1 
vanisms. A disruption of cell membranes. resulting in 
» loss of semipermeabilitv. would probably be non 
~pecifi These workers place methyl isothiocyanate in 


t class of poisons. and in 


ilso nonspecific. | 


mothe bul 
the present work no effect of this material on permea 
bility could be demonstrated. even in concentrations 
that completely killed Rhizoctonia mycelium 


thiuramsulfide analogue of \-methyl dithio 


irbamate was no available for « mmparative tests, the 
ossibility remains that this compound is the actual 
NXicant However in view of the considerable evi 
lence that the ionic form of the dithiocarbamate is 
tori s 4.5. 6). and since highly charged molecules 


isually penetrate cells only with difheulty (13 thre 


| ssibilitv. should he considered that dithiocarbamate 


ions are themselves the toxic material and that thev are 


effe-tive through reaction with constituents perhaps 
SH groups) of the cell membrane at the outer sur 


ices f this membrane In our experiments, the com 


plete loss of semipermeable properties that resulted 


m exposure to high concentrations of the dithiocar 
imate indicate a high order of effectiveness in’ brin 
thout destruction of the cell membranes. which 


ild result in death of the cell. as indicated by the 


survival determinations Phe evidence of Ross ind 


Ludwi 9) that maximum toxicity in a homologous 
series «al Ikvl ethvlenethioureas was related to the 
thility of the compound to permeate the ell may indi 
ite that the physical properties that control the pene 
compounds are associated with the 


Iie ml rane 


trabilitv of lhe sé 
properties that cause destruction of the 
The possibility of course exists that passage through 
hefore the toxicant may 
} 


rie re 


ment 


‘ 


necessary 
effect its destruction, but this question cannot 
present evidence 

gestion DV 


[he present research supports the su 


(, KSOVI based on very extensive studies oft 





t dithiocarbamates on veast metabolism (2 

variou= facts support an hypothesis which assumes that 
mpounds with parti ular groups at or in the 

ellular me rane. and in this location inhibit enzyme 

systems. probably by competing with coenzyme A ot 

ther thiols ting as prosthetic groups However 

Irom ir data it seems at least as likely that the re 
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action Is not with an active enzyme in the cell mem 
brane, but rather with some constituent of the mem- 
brane that contains —SH groups in such a way as to 
produce a physical change in membrane structure and 
alter or destroy its effectiveness as a barrier to either 
loss of essential cell constituents or entry of the toxi 
cant. which then might act within the cell as an enzyme 


porson. 
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ible | ¢ pares mosak 
ts it sceptibility to 


enial hosts to the offers an explanation of the following: resistance of 
it environment played an — young seedlings in the field. gradients of mildew in. 
ing whether a variety was fections on plants in the field, increased suscepti- 
inder field conditions. The — bility of lettuce plants infected with lettuce mosai 
presence of disease gradi- virus, resistance of lettuce grown in the cooler 
leaves of field-susceptible © Blanco-Castroville area of the Salinas Valley in 
f all leaves of field-re California, increased susceptibility of shaded plants. 
1 of a similar type, differ ilteration of resistance by mineral nutrition. change 
e results indicate that a from resistant to susceptible by culturing lettuce 
ce mechanism is involved leaves on distilled water in detached-leaf culture, 
lue appeared to be at least failure of powdery mildew to infect guard cells, and 
s. The osmotic values of — field’ resistance in Big Boston and Aretie King 
plants and resistant leaves varieties of lettuce 
of lettuce (/ a sativa in temperature and atmospheric moisture between the 
1 Imperial. have been re lower and upper portions of the plants (15, 16) 
the wild-lettuce strain of Tapke (21). working in the greenhouse with powdery 
horace m DC. ex — mildew on barley, came to a similar conclusion. There 
ilifornia (20. 28 ind to remain at least 2 alternative explanations for the infee- 
15 In 1951 Snyder tion gradient: 1) young leaves have morphological 
found powdery mildew © barriers (thick cuticle and or epidermal wall) that 
| ine lettuce varieties in are lacking or modified in older leaves: or 2) the 
nia This suggests that physiology of the leaves changes with age. If one 
ferent from that found in theorizes that the combined thickness of the cuticle 


ind epidermal wall is alone responsible for the re. 
of young lettuce the of in 
fection is the ot would the 
young leaves of higher plants generally have a thinner 
leaves, It 
morphological, 


sistance leaves. vradient 


reverse what one expect: 
cuticle and epidermal! wall than do olde 
that not 


for 


thus appears physiological. 


in voung leaves of a 


factors account the resistance 
susceptible variety. 

In leaves of seedlings and in young leaves of matur- 
ing plants of field-susceptible varieties (primarily the 
Great Lakes Cali- 
resistance could several treat- 


floating detached leaves on distilled water 


variety) grown outside at Davis. 


fornia be decreased by 
ments, ie.. 
in Petri dishes in the laboratory (continuous illumina- 
tion of about 300 ft-c at the 


plants in pots in the laboratory under continuous sub- 


leaf surface crowing the 


Papre | Comparison ot the susceptibility of mosatic-tree 
and mosaic-diseased Great Lakes lettuce piants to 
mM lery mildeu iv the fle d 
Number of colonies present on leaves 


Mosaic-free plants Mosaic-diseased plants” 


Basal leaf 2nd leaf 3rd leaf Basal leaf 2nd leaf 3rd leaf 


134 64 °6 


YO 0 4 


Average of 


Figures h 


10 randomly = ected ylants 
I 


ave been corrected for size of plants since 


nosaic-diseased plants were generally one-half the size of 
osaic-free plants, thus, presenting only half the leaf area 
if mosaic-free plants for possible mildew establishment. 
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dued illumination (300 ft-c at the leaf surface); 
growing the plants in the greenhouse (1000 ft-c or less 
at the leaf surface). In many cases, exposing potted 
plants approaching maturity to subdued illumination 
in the laboratory resulted in infection of all leaves 
The above treatments, besides lowering resistance it 
young tissues of field-susceptible varieties, changed t 
susceptibility the field-resistance exhibited by the 
Arctic King. Big Boston, and Salad Bowl varieties of 
lettuce (17). This suggests that the same factor or 
factors are responsible for the resistance of young 
leaves of field-susceptible plants and field resistance 
in Arctic King. Big Boston. and Salad Bowl. Since 
the treatments that altered resistance did not change 
iticular or epidermal-wall thickness, resistance again 
appears to be physiological rather than morphologic al. 

Tests were conducted to determine at what stage of 
maturity young seedlings changed from resistant to 
susceptible. Nine seedlings in the 4+leaf stage, placed 
outside the greenhouse at Davis late in February of 
1954. were inoculated with mildew 11 days later. and 
then every 7 days for the next month. Control plants 
of mature head size were treated identically to verify 
that temperature and other environmental factors were 
favorable for mildew development. By the end of 
March, mildew was present on the lowest leaves of all 
seedlings and on both upper and lower leaves of the 
mature controls. At this time the seedlings were in 
the 10-leaf stage. Results were similar in repeated 
tests. It was concluded that seedlings younger than 
the 10-leaf stage are not susceptible to powdery mildew 
outdoors. After this stage. mildew gradually spread 
ipward from the lowest (oldest) leaves to successively 
higher (and younger) leaves. The sequence was con- 
firmed by observations of late-emerging seedlings in 
helds of mature lettuce with high mildew incidence. 
Even though inoculum was abundant in the fields, the 
seedlings appeared susceptible only after 10-12 leaves 
had formed. 

The above results and observations support the 
iypothesis that the resistance of lettuce to the lettuce 


strain of powdery mildew is due to physiological fac- 


tors. 
2} Morphological factors and resistance.—The mor- 


phology of the epidermis of lettuce leaves was studied 
to determine if cuticular and epidermal-wall thickness 
contributed to resistance, 

Tests were designed to determine differences be- 
tween the combined thicknesses of the cuticle and 
ipper epidermal wall of resistant young leaves and 
those of susceptible frame (old) leaves of the Great 
Lakes variety. In addition, samples were taken from 
leaves of the field-resistant Arctic King. Big Boston. 
ind Salad Bowl varieties. For comparison. samples 
were also taken from Silybum marianum Gaertn... a 
thistle previously found (15) to be susceptible to the 
lettuee strain of powdery mildew under laboratory 
conditions. Mildew readings were made on Great 
Lakes lettuce and S. marianum plants from an area 
of heavy mildew infestation in the Salinas Valley 


Samples lor sectioning were taken from the resistant 
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young leaves and susceptible frame leaves of Great 
Lakes lettuce, and also from field-resistant S. maria- 
num plants. All of the other plants included in the 
test were grown outside or in the greenhouse at Davis 
in the winter of 1955-56, except for samples taken 
during the fall months from outdoor-conditioned S. 
marianum plants at Davis. 

Prolonged outdoor exposure had previously been 
found to impart resistance to most of the above plants, 
whereas the greenhouse environment (lower illumina- 
tion and higher average temperature) promoted sus- 
ceptibility to powdery mildew. Leaf samples were 
killed and fixed in FAA (Rawlins’ solution No. 2, 13). 
Sections were cut on a freezing microtome, and stained 
with Sudan IV to differentiate the cuticle more clearly. 
The thickness of the cuticular layer plus the upper 
epidermal wall was determined with the oil-immersion 
objective of the microscope and an ocular micrometer. 
At the same time, for infection tests, leaves from the 
same position as those samples for morphological study 
were taken from plants grown under the several con- 
ditions at Davis, placed on distilled water in Petri 
dishes, and dusted with fresh conidia with a camel's 
hair brush. A continuous illumination source of 300 
it-c was provided for the detached-leaf cultures. 

The combined thicknesses of the cuticle and upper- 
epidermal wall was less in young leaves of Great Lakes 
lettuce than in older leaves (Table 2). Similarly, the 
thickness of the cuticle and upper epidermal wall of 
the field-resistant Salad Bowl variety was less than 
that of the susceptible Great Lakes lettuce. Arctic 
King and Big Boston varieties had thinner cuticular 
and epidermal layers than the susceptible S. marianum 
leaves conditioned outdoors during the fall months. 
but had thicker cuticle and epidermis than leaves of 
Great Lakes lettuce. It appears. therefore, that, in the 
lettuce varieties studied, the resistance imparted by 
outdoor conditioning is not due to an effect on the 
thickness of the cuticular and epidermal wall layer. 

It appears, however, that resistance due to thicken- 
ing of cuticle and epidermis does occur in S. marianum 
plants that are winter-conditioned. Infection in de- 
tached-leaf culture failed in 6 attempts on S. marianum 
leaves with a combined cuticular and epidermal-wall 
thickness of 10.4 ,. It was determined by the celloidin 
stripping method (4) that 32° of the conidia had 
germinated on these leaves. Leaves of Great Lakes 
lettuce in detached-leaf culture were severely diseased 
when the same inoculum was used. No secondary germ 
tubes developed on the winter-conditioned S. marianum 
leaves. This indicated an immune reaction as evi- 
denced by failure of the mildew colony to develop 
Che cuticular and epidermal wall thickness necessary 
to give the immune reaction in S. marianum falls, 
then, in the range 6.3-10.4 ». The primary morpho 
logical effect of outdoor conditioning seems to be an 
increase in thickness of the epidermal wall rather than 
the cuticle (Table 2) 

3) Physiological gradients in Great Lakes lettuce 

Gradients have been reported in concentrations of 


chemical constituents in plants and in the osmoti 
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leaves near the grow t of lettuce plants than in 
leaves near the ise pliant 

The determining fact water ibsorption Is si 
tion) pressure diffus pressure deficit. DPD In 
the relationship between parasite and host cell. the 
maximum suction press that each of the 2 competi 
tive organisms could exert would be equivalent to its 
own Osmotic pressul \\ equal turgor pressure 





Vol 


ATHOLOGY 4g 


sses of held-resistant Sivoum marianu t held-resistant and 


or greenhouse environments 


ane 


Thickness (yu) 


Susceptibility, 


detached-leaf 


Epidermal wall Combined culture 
Outdoor GH Outdoor G.H Outdoor G.H., 

18 l7 6.3 2.5 

90 10.4 

rt) 6.2 

5.2 L.6 

5.0 1.4 

0 LoS 12 26 

2.9 OY Oo i 

, 9 ) } ’ 7 

Y ld >. 1 e 
if the cuticle and epidermal wall is probably slightly less thay 
imorted less mildew growth than leaves taken from = outside 


of the outdoor-grown plants. Sugar was probably limiting lor 
Siivoum marianum 
lew Incidence was 80°, 


directly with 


(DPD 


Growth 


suction) pressure varies osmoth 


») 


pressure p+raP depends on absorption ol 


water, and can be osmotically inhibited without enzyme 


poisoning (23). If the fungus has a higher osmotic 
value than the host cell or cells. it is able to remove 
water trom them and can even maintain a_ certain 
degree of turgor in contact with non-turgid host cells 
or their free sup (22). It has been suggested that a 
hest will resist a pathogen if the suction pressure of 


its cell contents is higher than that of the parasite (5 
b) of 


starch 


Gradients starch formation._-Gradients of 


maturing Great 
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formation were determined in 


Lakes lettuce plants grown outdoors Davis during 
fall of 1954. 
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obtain on mildew erowth as related 


starch formation. In sampling hasal leaves, care was 
taken to use uninfected leaves because the starch con 
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Phe IKI 


test for starch was used after extraction of chlorophyll 


tent of infected leaves might have been altered. 
adjacent to infected leaves were sampled. 


with alcohol. In triplicate trials a gradient of starch 
formation was detected in sun-exposed leaves at vari 


the The 


leaves at the base of the plant gave a very weak stare! 


ous heights on plant mildew-susceptible 


test. the leaves half-way up the plant gave a= strong 
starch test. and the leaves at the apex of the plant gave 
a very strong test. Assuming that starch content large- 
ly determines the soluble sugar content in a leaf, simi 
lar gradients in soluble sugars are probable. 
lettuce 
The osmotic values of the cells of young and old leaves 
of Lakes lettuce and of leaves of the field-re- 
sistant varieties Arctic King. Big Boston. and Salad 
Bowl were determined by the plasmolytic method (10 
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TABLE 4, The efiect of osmotic value on the percentage of 
plasmo ysis and germination of floating and sub 
merged conidia of the lettuce strain of the powdery 


mildeu fungus 


Floating spores Submerged spores 





Molar Osmoti 
concentration value of 
of sucrose fatm.! germ. plasm germ 
0 0 24 7 17 
0.3 é 28 y 19 
0.4 19 i) 12 
0.5 18 12 l] 
0.6 12 14 7) 
0.7 7 4 3 
0.8 7 22 l 
1.0 5 90 0 
Plasmolysis impossible to determing with floating 
spores. 


Average of 600 conidia for each osmotic value. 

The plasmolysis recorded on distilled water and at the 
lower concentrations of sucrose is due to the fact that 
shriveled (dead) spores appeared to be plasmolyzed. These 
figures include the number of shriveled spores, which is 

t 


essentially constant (8%). 


osmotic values of epidermal cells of tissue stripped 
from leaves with a forceps. were determined within 30 
minutes. 

Calculated from the osmotic values of volume molar 
sucrose solutions at 20°C (9). osmotic values for the 
point of incipient plasmolysis were 8.0—-11 atm. for 
ells of highly susceptible leaves of plants grown out- 
side the greenhouse. and 14.0 atm. for the epidermal 
ells of slightly susceptible frame leaves half-way up 
the plant. The epidermal cells of the youngest leaves 
began to plasmolyze generally between 18.5 and 22.3 
um. Epidermal cells of seedlings of Great Lakes let 
we in the 3-leaf stage grown outside during the same 


period showed values of incipient plasmolysis as high 


is 25.5 atm. in the youngest leaves. The lower frame 


leaves of Arctic King and Big Boston lettuce varieties 


showed respective osmotic values of 18.5 and 22.3 
itm. under the same growing conditions. <A_ slight 


gradient was detected in these 2 varieties: incipient 
pla:molytic values of upper leaves were about 25.5 
um. The respective osmotic values of the cell sap of 
frame leaves of Great Lakes. Arctic King. and Big 
Boston, by eryoscopic determination, were 10.5. 16.3. 
ind 20.4 atm. These are in fair agreement with the 
values obtained by the plasmolytic method, which 
isually gives higher values than do eryoscopic measure 
ments 

Changes in osmotic value in epidermal cells of seed 
ling leaves (resistant when attached to the plant) were 
determined on detached leaves floated on distilled 
water in Petri dishes. Epidermal cells of resistant 
leaves of lettuce seedlings had an osmotic value of 
22.3 atm. (plasmelytic) immediately after detachment 
from the plant, which dropped to 8.0 atm. after 4 days 

letached-leaf culture and continuous illumination 
of about 300 ft-e at the leaf surface. Inoculation tests 
lemonstrated that they were then susceptible to 


mildew 
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Effect of osmotic value of solutions on spore germi 
Although the host plant cannot osmotically 
influence the germination of conidia, the determination 


nation, 


of the osmotic values that inhibit spore germination 
might give an idea of the osmotic values necessary 
in the host to inhibit infection and subsequent growth 
of the fungus. 

Fresh conidia were submerged or floated on sucrose 
solutions of varying concentrations in spot test plates. 
Mix roscope slides were laid across the depressions to 
prevent evaporation, and the plates were placed in a 
moist chamber to further prevent evaporation. Per- 
centages of germination and plasmolysis were recorded 
after 24 hours of incubation at 22°C 

There was a gradual decrease in the percentage of 
germination of the submerged as well as the floating 
conidia as the osmotic value of the solutions increased 
(Table 3). The data obtained from the submerged 
spore germination tests appear to be the more satisfac- 
tory because the effects of osmotic value on plasmoly- 
sis and percentage of germination appear to have been 
lessened when spores were floated. 

Percentage of germination of conidia might be used 
as a means of determining the osmotic value of the 
conidia (the osmotic value of the spores would be the 
value where percentage of germination was 50° of the 
control). If this criterion is used, the osmotic value 
of the conidia can be taken as 0.6M sucrose or 17.8 
atm. (Table 3). The osmotic value of the spores as 
indicated by plasmolysis appears to be close to 0.9M 
sucrose or 29.7 atm. There was an average of 7% re 
duction in germination due to submerging as com- 
pared to floating spores on the sugar solutions. This is 
consistent with results in previous studies (15). Since 
sugar is not toxic and there is no pH change with in 
creasing sugar concentration, the reduced percentage 
of germination with increasing concentration of sugar 
is likely due to the increase in osmotic value of the 
sugar solutions, 

Although there is considerable reduction in percent 
age of germination of conidia as the concentration of 
the external sugar solution is increased, it appears 
that a few spores in a given population are capable of 
germination and some growth even when osmotie 
values are high. This would lead one to suspect that 
such spores might infect seedling leaves or field-re 
sistant varieties. However. with extension of the germ 
tube there appears to be a gradual decrease in the 
osmotic value of the germ tube. and haustoria and 
mycelia were plasmolyzed in sucrose solutions of 0.6M 
concentration (17.8 atm.) some appearing plas 
molyzed at O.5M (14.3 atm.) sucrose. which is the 
same as or lower than the osmotic value of epidermal 
cells of leaves of seedlings and field-resistant varieties 
Infection tests on seedlings grown outdoors revealed 
that infection and growth did occur on resistant leaves 
on occasion, but it was retarded in comparison with 
mildew on susceptible leaves under the same condi- 
tions, and in no case did sporulation occur on the re- 
sistant leaves. The decrease in osmotic value of the 


fungus hyphae ifter germination of conidia increases 
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the significance of the test on osmotic inhibition of deor-grown Great Lakes lettuce plants. the OSMoty f 
germination for it lowers the osmotic value of the host value of the cells was usually 0.6-0.7.M sucrose (17.2 { 
necessary to inhibit niection ind growth by the 21.5 atm.). The leaves were cut into squares about } 
fungus. em across. All 4 sides of the leaf sections were ey 
Reproducing resistar lL) Detached-leaj culture clean to allow for more rapid diffusion of water iny | 
In leaves fror the owing point of immature out or out of the leaf tissue | hese square leaf pieces wer 





Fig. 1. Comparat susceptibility of Great Lakes lettuce 30 days after inoculation. Grown at about 13°C will 
varied illun t I 4) 400 tt-~« it the eaf surface: B) 1000 ft-c at the leaf surtace. 
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a series of sucrose solutions (0.2. 0.3. 0.4, 
10M) in 
{bout 10 ml of each concentration of sugar were used 
Petri dish. Conidia dusted onto the leat 
pieces with a The floated leaf 
pieces were continuously illuminated at 300 ft-ce. The 
that 


constant 


floated on 
05. 0.6. 0.7, 0.8, and 


Petri dishes at 22°¢ 


per were 
camel’s-hair brush. 
sucrose solutions were changed every 2 days, so 
concentration ot the sugar would be nearly 
despite slow evaporation of the water. Salts were not 
high osmotic pressures in lettuce 
that effects other than 
osmotic might enter into the experiments. 


work of Thimann. Slater. 


used to maintain 


tissue in these tests, for fear 
as indicated 
by the and Christiansen 
(23). 

Infection and growth of powdery mildew in each of 
18 replications ceased at concentrations greater than 
05M (14.3 
detrimental effect on the leaf tissues from the next 


Above 


0.6M sucrose there was pronounced damage of leaf 


sucrose atm.). There was no apparent 


‘ 


higher sugar concentration (0.6M; 17.8 atm.). 
tissue. due in part to plasmolysis. and to a great extent 
to more rapid growth of contaminating fungi. 

2) Attempts to increase resistance by 
the phloe m of seed stalks. 


constricting 


Powdery mildew shows a 


stalks. 


made to prevent infection of upper seed-stalk leaves by 


vradient-like severity on seed \ttempts were 
twisting wire tightly around the stalk to constrict the 
phloem. thereby causing accumulation of carbohydrate 
in the tissues above the constriction. The phloem was 
thus constricted above the highest leaves infected on 
Over 


there was no measurable difference in mildew develop- 


seed stalks in the greenhouse. several weeks 
ment between plants with constricted phloem and con- 
trol plants. Assuming that the osmotic pressure mecha- 
nism is involved in resistance. these results are explain- 
ible by the fact that. according to Hayward (8). let- 
tuce has a medullary phloem that is late in forming. 
It thus appears that accumulation of carbohydrate may 
have been insignificant. because of passage through the 
medullary phloem. 
3) Increasing resistance by altering illumination. 

Low temperatures promote accumulation of sugars if 
(15) 


that powdery mildew of lettuce does not occur in 


suggested 
the 


Blanco area of the Salinas Valley. because the 


light is adequate. Previous evidence 
cooler 
the low 
the 
field 


to powdery mildew in certain lettuce varie 


carbohydrate content of the host is raised by 


This 


hypothesis 


temperatures. theory would agree with 


osmotic-value proposed to explain 
resistance 
ties. 
Maturing Great Lakes lettuce plants were grown in 
’ with an average daytime illumi- 
1000 ft-e at the leaf 


a 12°C walk-in refrigerator 


the greenhouse at 13°¢ 


nation of surface. and similar 


plants were with 


LOO ft-« 


frown in 


only of illumination at the leaf surface for 12 


hours daily. Inoculations were made on 6 plants under 


each condition. and disease readings were made 30 


lays later. Plants in the greenhouse were not visibly 
diseased, whereas the poorly illuminated plants in the 


(Fig. 1) 


This test shows that, with ample illumination, Great 


walk-in refrigerator were severely diseased 
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Fig. 2. Migration of nuclei (arrows) and chloroplasts 
(C) in cells adjacent to an infected host cell with a well 


developed haustorium (CH). 


Lakes lettuce is resistant to powdery mildew under the 


iverage temperature conditions of the Blanco area 
[say 
Cytological changes adjacent to infected cells. 


Epidermal strippings and leaf pieces were cleared with 
The 


nuclei of the infected host cell and the adjacent cells 


lactophenol and observed with the microscope. 


usually moved toward the haustorium of the invading 
fungus. In addition, the chloroplasts of epidermal 
cells (Great Lakes lettuce has 15-30 chloroplasts in 
the epidermal cells) adjacent to the infected cell often 
the 
point in each cell closest to the haustorium in the in 
fected cell (Fig. 2). is similar to that 
reported by Sempio infected 


clustered about nuclei. moving with them to a 


This reaction 
(18) for 


powdery mildew, except that he 


barley with 
made no mention of 
the clustering and movement of chloroplasts, which 
The 


migration of nuclei and chloroplasts may increase re- 


are not present in epidermal cells of barley. 
sistance of the host because they might bring about an 


increase in photosynthetic activity and subsequently 


higher osmotic values in the region of the haustorium 

The osmotic value in stomatal guard cells increases 
markedly over the osmotic value in the other epidermal 
Thus, 
lettuce leaves in 


cells of plants during the daylight hours (10). 


if osmotic values of guard cells in 
values of suscepti- 
cells should be 
Guard cells of Great 
found to be infected 


by powdery mildew when the plants were grown under 


crease sufficiently over the osmotic 


ble ordinary epidermal cells, guard 


immune or highly resistant 


Lakes lettuce leaves were never 


an outdoor environment. Mycelia were observed passing 











9608 PHYTOPATHOLOGY 


directly over stomata, and appressoria were observed 
above guard cells in some cases, but no further de- 
velopment occurred. The fungus mycelium continued 
to elongate, establishing itself by haustorial attach 
ment in a nearby epidermal cell. 

The effect of mineral nutrition on resistance.—A nu 
tritional study was undertaken to determine whether 
osmotic values and susceptibility could be varied with 
different combinations of nitrogen and potassium, keep- 
ing all other elements at a nearly constant level and 
without employing high concentrations of salts in the 
nutrient solutions. Such a study might also show 
whether plant vigor of cultivated lettuce is associated 
with different degrees of susceptibility and resistance 
to powdery mildew. The nutritional studies of Wood- 
man (29, 30, 
the nutrient solutions 
volved the determination of optimal nutritional levels 


31) were used as a guide in formulating 
Since Woodman’s studies in- 


of elements, the nutrient solutions are quite dilute. A 
series of solutions was made consisting of a control 
solution slightly below the optimal N and K require- 
ment cited by Woodman (31). high N and low K, low 
N and low K, high N and high K. and low N and high 
kK. The concentrations of elements of each solution are 
Gallon crocks were 
Drain 


given in an earlier paper (15). 
filled with washed quartz sand and _ sterilized. 
tubes were provided. Each crock was planted with one 
uniform-size 4-week-old seedling of the Great Lakes or 
Big Boston variety. Roots of the seedlings were thor- 


distilled water before being trans- 


oughly washed i 
planted, Nutrients were applied everv 2 weeks. and 
the sand was thoroughly saturated at each watering. 
The pH of the 
6.7+0.1. 


the crocks after 2 weeks was 7.50.1. 


nutrient solutions was adjusted to 
The pH of the nutrient solution drained from 


The experiment 


met Bn 
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consisted of 3 randomized blocks. An epiphytotic was 
started in the greenhouse on Great Lakes lettuce. J, 
inoculate the test plants, heavily diseased plants wey 
shaken over the test plants when they were about 24 
months old, and a similar inoculation was repeated 
weekly for 3 weeks. Average temperature was 18°C 
and illumination was 2000 ft-c at the leaf surface 
clear days, dropping to 400 ft-c on overcast days 
which were few after the first inoculation. Growth jz 
nutrient culture was compared with the growth of 4 
series of control plants of Great Lakes and Big Bostop 
varieties in soil in 8-in. pots. Insect control consisted 
of regular fumigation, together with spraying plants 
with malathion (not injurious to the powdery mildey 
fungus) to control aphids. Aphid control was of par 
ticular importance since aphids may transmit lettuce 
mosaic, which was shown in this study to increase 
susceptibility of lettuce to powdery mildew. 

Fig. 3 shows the effect of the different nutrient levels 
on both the Great Lakes and Big Boston varieties. |; 
no case did any nutrient level used give growth com 
parable to that of the controls in soil, although trea 
ment 4 (high N and high K) approached very closely 
with the Great Lakes variety. particularly during the 
first 6 weeks of the experiment. This indicates that 
treatment 4 approached the optimal level for growth 
of the Great Lakes variety more closely than any other 
treatment. Big Boston had poorer growth than Great 
Lakes in all treatments unless grown in soil. This 
agrees with Thompson's statement (24) that Big Bos 
ton requires more fertilization, particularly nitrogen, 
than does the crisp-head type of lettuce (Great Lakes 

Similarly to results with wheat (25). increased sus 
ceptibility to powdery mildew was not directly corre 
lated with increased vigor. Plants of the Great Lakes 





Fig. 3. Growth response of Great Lakes A) and Big Boston B) lettuce varieties to various nutrient solutions. Num 


hers and letters desienate treatments: € is soil; 1 is slightly suboptimum N and K ‘explained in text); 2 is high N and 


low N, high K. 


low K: 3 is low N. low K: 4 is high N. high K: and 5 is 


~ 
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were most resistant when planted in soil (con 
(high N 


Plants grown in soil and in solution 2 


variety 


trol) or when grown in nutrient solution 2 


ind low K)}. 
respectively, the most vigorous and 
vigorous. Plants of the Great Lakes 
thon } (high N and high K) were second-most vigor 


were, $rd-most 


variety in solu 


wis. vet were most susceptible. Susceptibility ratings 


4 the treatments are given in Table 4. 


The osmotu values of susceptible and resistant 


leaves agreed closely with values obtained from previ 
leaves of some treatments 


ous experiments The lower 


coil and 2) that gave a resistant condition had higher 


ysmotic values (17-18 atm.) than did the 4th leaf of 
treatments (1 and 4) that were susceptible (about 11 
atm.). Note should be taken of differences in infec 


tion gradients due to the various nutrient treatments 


In general the height of the mildew on the plants 


severity of the disease. which 


The only 


lation between degree of sus eptibility and plant re- 


orresponded to the 
was rated and put into classes. gross corre 
to nutrition appeared to be the color of the 


The darker the 


sporse 


leaves of plants of a given variety 


green «of the leaves. the more resistant they were. and 
leaves became more susceptible as they became 
chlorotic The direct correlation of greenness with 
resistance did not hold between varieties, however 
Big Boston is normally vellowish green. though it is 


nere resistant than Great Lakes to powdery mildew 
Resistance thus appears to be in part correlated with 
nereased photosynthesis and chlorophyll content in 
chlore 


that degeneration of chloroplasts, indicated by 


sis. led to susceptibility in these tests. It is apparent 
that the growth response of the lettuce plants is more 
mpertant than the kind of mineral elements supplied 


degree ot 


governing sust eptibility to powdery 
mildew 

Discussion AND CONCLUSIONS The resistance eX 
hibited by commercial lettuce varieties to the lettuce 
strain of powdery mildew is of a different type than 


the resistance exhibited by commercial lettuce varieties 


to the wild-lettuce strains. Resistance in commercial 


mineral nutritior growth of Great 


Taste 4.—Effects of 


to powdery mildeu 

Vigor Disease rating 
Nutrient solution class G.I B.B 
l—_medium N. medium K } 1 2 
2—high N. low K ; 2 0 
+—low N. low K 5 ; 2 
thigh N,. high K 2 } ] 
>—low N, high K 5 ; l 
Contr soil | 2 0 


and least is 5 


follows 8 no 


reatest vigor is |] 


Ratings made as visible signs of the 


many scattered colonies, 4 coalescing colonies 


Leaves designated refer to the upper extent of mildew « 
Osmotir pressures of these leaves were determined sl} 
Leaves were taken from immediately above the slightly 
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lettuce to the lettuce strain could be altered by vari- 
ous treatments—infection with lettuce mosaic, varied 


illumination and temperature, culturing in detached- 
leaf nutrition—but 


resistance 


culture, and variation in mineral 
wild-lettuce 
(15). It 


are 


(actually immunity) to the 


strain was not altered by similar treatments 
that the lettuce 


congenial hosts to the 


is concluded varieties studied 


genetically lettuce strain of 


powdery mildew. with degree of susceptibility largely 
dependent on environmental factors. 

This that lettuce to 
the lettuce strain is due to physiological rather than 


thickened 


In fact there is very little good 


study indicates resistance in 


mor phological factors su h as cule le and 
epidermal cell wall. 
evidence in the literature indicating that cuticle and/or 
epidermal wall thickness is responsible for resistance 


Hashioka 


(7) considered a cuticular layer of 0.5 » thick enough 


or immunity to any of the powdery mildews 
penetration of Sphaerotheca  fuliginea 
Poll. thickness of the 
upper epidermal wall was not mentioned. On the basis 
of the seems too thin to bar 
powdery mildew the combined thick- 


to prevent 
(Schlect) Unfortunately. the 
studv. 0.5 iu 

The figures for 


ness of cuticular and epidermal walls of apple leaves 


present 


as given by Csorba (3) appear to come closer to ex- 
plaining the resistance of certain apple varieties to 
(Ell. & Ev.) Salm. Even 


there. the combined thickness of about 3.0 » character- 


Podosphae ra leucotricha 


istic of resistant apple varieties appears somewhat 
thin te account for a high degree of resistance. The 
work ot Berwith (2) on apple powdery milde Ww showed 


broken down by 


that immunity could be abrading the 
leaf Graf-Marin (6) 
to those of that 


susceptible when the cuticle was removed. 


surface obtained results similar 
leaves bec ame 


The thiek- 


lavers of the 


Berwith. in resistant 


the cuticular and subcuticular 


reported at 5.0 u by (rat Marin (6), 


ness of 


resistant leaves. 


appears to follow closely the results of this study, but 


the fact is disturbing that mildew eventually appeared 


on areas of resistant leaves from which the cuticle 


had not 
wounding are possibly responsible for the breakdown 


been removed. Physiological changes due to 


Lakes and Big Baston varieties of lettuce and on their suse pt 
Osmotic values 
of weakly Osmotic values of 

Height of mildew susceptible first resistant 

on plants G.I leaves leaves ‘atm. 

G.1 B.B (atm.) G.1 B.B 

ird leaf 2nd leaf 11.4 13.0 14.6 

Ist leaf none 9.9 17.1 13.0 

2nd leaf Ist leaf 14.6 20.0 18.1 

ird leaf Ist leaf 11.4 18. 18.1 

2nd leaf Ist leaf 14.6 20.0 17.1 

Ist leaf none 11.4 18.1 17.] 
fungus, | some sporulation, 2 several scattered colonies, 


1¢ 
i 


velopment, the lowest lea 


! designated as the Ist leaf. 


iortly after first infections occurred on then 


susce ptil le 


leaves 


~~ 





Sonia 
rea 
Ae me 


5 a 





(14). Im 
powdery 
thickened 


In an 


of resistance, as has been shown by Salmon 


munity or a high degree of resistance to 


mildew in a plant species due solely to 


cuticle and/or epidermal wall is probably rare. 
(Silybum 


extreme case. using a xerophytic species 

marianum) and subjecting it to conditions conducive 
to thickening of cell walls, the present writer was able 
to obtain immunity The conditions necessary to In 


duce immunity. however, were not favorable for the 
growth of the host or the parasite 

It is not surprising that the thickness of the cuticle 
and upper epidermal wall has been correlated posi 
tively with resistance in certain hosts (particularly the 
woody ones). since i! many Cases, mildew appears 
first on the young leaves. It is only natural that such 
a correlation would exist. since the young leaves gen 
erally have a thinner cuticle ind epide rmal wall than 
the older leaves. It is important to consider. however. 
the cases where the correlation is negative. e.g.. let 
tuce, sunflower. zinnia 

The hypothesis advanced by the writer to explain 


resistance in lettuce varieties and leaves of different 
ages on a field-susceptible variety, i.e.. osmotic value 
of the cell sap, seems to apply in other species of 
plants as well. For example, Delp (4) was able to 
induce susceptib lity in previously HmMmune vrape 
leaves by etiolation One can sav immediately that 


il wall thickness was probably 
leat 


cuticular and epidern 
not involved in imparting resistance to the since 
this 


per iod ot 


within a 
be 


detaching resistant Big Bos 


would not change appreciably or at all 


several weeks. This same reasoning car 


where 


applied to the case 
ton lettuce leaves and floating them on distilled wate 


made them susceptible. Delp (4) also found that 
grapes became resistant as sugar increased’ in the 
fruits. For this non-host specihc type of resistance to 
apply to certain woody species as well as to certain 


herbaceous ones. the radients of powdery mildew in 


fection on woody species should also be explainable 
by gradients in osmotic values The data of Weinhold 
(27). working with powdery mildew of peach, sup- 
port the osmotic-value vpothesis Peach powdery 
mildew attacks young leaves. while older leaves vary 
from high resistance to immunity. Weinhold found 
definite gradients in the smotic values of these leaves. 
increasing with increasing age of the leaves. His work 
ilso showed that resist e could be induced in previ 
ously susceptible leaves by floating them on sucrose 
solutions of varving entrations. much as was done 
in the present st idy Several weeks of darkness ren 
dered resistant leaves sceptible. even though the 
epidermal laver was thicker than normally suscepti 
ble leaves The oT idients mildew infection are re 
versed hetween lettuce 1 peach. but the correlation 
of resistance with osmot value is direct in both cases 
The indications to date are that this osmotic-value 
resistance correlatior 1 general phenomenon with 
powdery mildews or geneti illy congenial hosts 
Since concentrations of irbohvdrates fluctuate wide 

lv in cells, it is not surprising that treatments that 
alter carbohvdrate concentrations ilso alter osmoth 
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values and resistance. Other components of the hog 
cells add markedly to the osmotic values in the cells 
However, it appears that the change in the concentra. 
tions of carbohydrates is probably the most importany 
factor underlying simultaneous changes in osmotiy 
values and resistance. Chloroplastic degeneration lead. 
(lettuce 


increased the 


ing to chlorosis—due to virus infection 


mosaic), etiolation, or low’ nitrogen 
susceptibility of lettuce to powdery mildew. Not only 
would the carbohydrate concentration be altered with 
chlorosis but the effectiveness of chloroplastic migra- 
tion to a site near the haustorium might be lessened as 
Migration of chloro. 


plasts to a position near the haustorium seems to fall 


indicated in the cytological study. 


into the general mechanism hypothesized as being 
responsible for resistance. The mineral-nutrition study 
shows as well as any of the studies conducted the effect 
of the growth of the host on its susceptibility to mil- 
The only macroscopic correlation that could be 
that the 


were, The 


dew. 


drawn from the nutrition experiment was 
vreener the leaves, the more resistant they 
experiment points to the fact that the growth status 
of the host plant is probably more important than the 
nature of the element supplied. The study of the effects 
of mineral nutrition on susceptibility of lettuce again 
showed that osmotic value was directly correlated with 
resistance. 

Thus far. the osmotic-value hypothesis of resistance 
in lettuce to powdery mildew has helped to explain the 
field: 


increased suscepti- 


following: Seedling resistance in the mildew 


gradients on plants in the field: 
bility of mosaic-diseased lettuce plants: resistance of 


lettuee grown in the Blanco-Castroville area of the 


Salinas Valley: 
susceptible plant: alteration of field resistance in field. 


increased susceptibility of an already 


resistant varieties of lettuce by shading or etiolation: 
alteration of resistance by mineral nutrition: increased 
susceptibility in detached-leaf culture: failure of the 
guard cells: field 
Arctic King varieties of lettuce. 


It is probable that osmotic 


fungus to infect and resistance in 


Big Boston and 
value is not the only 
in the resistanee of lettuce to the let 


factor involved 


tuce strain of powdery mildew. for osmotic changes 


reflect 


fungus in the 


substrate for the 


endogenous 


One might postulate that a 


changes in the 
host cell 
high carbohydrate level in leaves was unfavorable for 


fungus growth beeause it resulted in a low soluble 


nitrogen content. In like manner. a low carbohydrate 
because it re 
both 


might be a 


level was favorable for fungus growth 


high soluble-nitrogen content. In 


soluble 


sulted in a 


cases, the nitrogen concentration 


limiting factor. This postulation does not appear in 
consistent with the results of treatments used to break 
and enhance resistance. 
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\YLEM NECROSIS AND ROOT 


EXCESSIVI 


ROT OF 
IRRIGATION AND HIGH TEMPERATURES ! 


ALFALFA ASSOCIATED WITH 


D. C. Erwin. B. W. Kennedy.- and W. F. Lehman 


SUMMARY 


In greenhouse experiments. “flooding injurv” of 
alfalfa was more severe on plants growing in un- 
sterilized soil thar n plants growing In sterilized 


soil. Clipping the foliage of alfalfa plants 1-2 days 
before flooding at hig! 


increased susceptibility 


soil temperatures (39-42 
Alfalfa plants in the field 
ilso were more susceptible to flooding injury fol 
lowing clipping. Long periods of flooding (36-60 
flooding injury 


’ 


hours were necessa°ry o induce 


when maximum soil temperatures at the 2-in. depth 


were 33-37°C. Maximum air temperatures usually 


) 


exceeded irrigation water temperatures by 3-5°C 
and soil temperatures (2 in.) by 5-10°C. In green. 
house tests, bare-root alfalfa plants submerged in 
a suspension of unsterilized soil in water showed 
less flooding injury when the suspension was aerated 


than when it was not. 





In irrigated desert areas of southern California 
(mainly the Imperial and Palo Verde valleys), the 
stand of alfalfa in ma helds is often partly or com 
pletely killed during summer months of June 
to September looding injury, commonly termed 
“seald.” has not beet onsistently associated with. o 
reproduced by. inoculation with any of the commonly 
isolated soil fungi t occurrence has been directly 
associated with the oding of alfalfa at times when 
maximum soil temperatures prevail. The term “seald.” 
evolved trom lev i| ter! ! hooy imp ts that irrigation 
water accumulates enough heat as it flows over the 
hot soil to kill plants by action of high temperatures 
ilone The wort reported here shows that this con 
cept of injury by heat alone is erroneous Experi 
mental evidence s ipports the hypothesis that roots of 
ilfalfa plants are damaged. not by high soil tempera 
tures per se, but by excessive soil moisture combined 
with high soil temperatures The term “flooding in 
jury” Is eco! lingly <eqd here is more descriptive 
than “seald Symptomatology of the disease and the 
effects of various environmental conditions o1 expres 
sion of Hooding nmiury fhe greenhouse ind the field 
ire described Abstracts of some of the results have 
heen published | 

REVIEW oO} TERA The literature n crop re 
sponses at high soil re level is been reviewed 
by B. D. vant Woudt 1 R. M. Hagan in “Crop re 
sponses at excessively gh soil moisture levels.” p 
914-578 (14 Work « the phvsiologyv of tlooding in 
jurv has heen led Kr er a. ES. 32. fa ind 
Jackson (6 

Despite the import f alfalfa losses from ex 
cessive irrigatior the desert valleys of southern 
California el h | eported o 


this problen 


Van't Woudt and H | ted unpublished 
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data by R. M. Hagan and M. L. Peterson’ that alfalfa 


and some other crops. were subject to “scalding” 
Temperatures of the applied irrigation water in the 
held were usually lower than those of the soil surface 

Bolton and MeKenzie showed that alfalfa in Canada 
tolerated 9-17 days of flooding in the spring. but was 
not as tolerant as grasses. Tolerance to flooding in 
jury was greater in cooler weather. The white spot 
leaf disease (cause unknown) (16) followed a night 
which often caused 


irrigation in Utah. This disease. 


death of the plants, Is considered by some reviewers 

14) to be due to sealding. 

Kramer and Jackson (13) noted that tobacco plants 
in North Carolina often wilted rapidly after a heaw 
rain Greenhouse studies demonstrated that tobaces 
was more susceptible to flooding injury than tomate 
which was more susceptible than sunflower. Tobaces 
exhibited 2 types of reaction: 1) a temporary wilting 
ifter a short period of flooding. and 2) a permanent 
wilting after long periods of flooding. Rate of water 
uptake by plants varied inversely with flooding period 
ip to about 24 hours. when the rate went much above 
normal, They suggested that reduced permeability of 
roots was followed by decay or killing of root. tissue 
ind the uptake of greater quantities of water.  Aera 
tion of flooded soil prevented wilting. but saturatiot 
of soil with CO. or N. 
plants. Wilting in flooded soil was more rapid at 34°¢ 
than at 20 ¢ Although injury to flooded plants was 


prevented by aeration, they concluded that the cause 


induced wilting of tobae 


of wilting was more complex than oxvgen deficiency 
alone Jackson (8) later showed that oxygen def 
ciency was the most important single factor causing 
Hooding 
tomato and tebacco plants to other plants. and using 


Jackson 


subjected “one root system to flooding while the 


injury of tomato roots. By approach-grafting 


single plants with 2 separated root systems. 


shoot also had available an unflooded root system.” 


From his evidence it appeared unlikely that a toxin 


Che senior author wishes to express appreciation lor 


npublished data made available by Drs. R. M. Hagan and 
MI. L. Peterson, University of California, Davis. Their work 
idicated that flooding injury to Ladino clover was in 
eased when the greater part of the foliage was covered 
by water at high temperatures. Aeration of the water de 


ised the severity of injurv. 
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September 


accounted for reduced shoot growth or chlorosis of 
leaves of flooded plants. 

Metuops.—Alfalfa plants (Africa variety) used in 
greenhouse studies were grown in soil in clay pots 6 
in. in diametet! Ages at test were 4-8 months: how- 
ever, all plants in each test were of the same age. 
Soil designated Riverside soil was a 5:3:2 potting 
mixture of a granitic topsoil, sandy silt, and peat moss. 
Holtville silty clay loam, collected at the U. S. D. A 
Southwest Irrigation Field Station, Brawley, California 
was a fine soil through which water percolated very 
slowly. Sterilized soil, unless indicated otherwise, was 
prepared by autoclaving 3 hours at 15 Ib. pressure 
Soil and water temperatures in greenhouse = studies 
were maintained in water baths thermostatically con- 
trolled at the desired temperature +1” ¢ In some 
experiments. water temperatures were recorded by a 
thermograph. 

Since wilting of foliage, collapse and disintegration 
of the parenchymatous tissue in the roots, and root 
rot were not easily measurable symptoms, the xylem 
necrosis symptom was selected as a semi-quantitative 
method of evaluating severity of root damage: 0 no 
damage: | streaks in the xylem of the root occupy- 
ing 1 10-14 of a longitudinal section of the root; 
2 14-14 of the xylem tissue necrotic; and 3 


1, to all of the xylem cylinder necrotic. Color of 


the necrotic tissue was yellow ochre (15), becoming 
more intense with severity of damage. 
SYMPTOMS OF FLOODING INJURY ON ALFALFA.—When 
iir temperatures are high (43-49°C) in the Imperial 
Valley, alfalfa plants in areas of excessive irrigation 
frequently wilt quickly and die 5-7 days later. Foliage 
sometimes turns yellow before wilting \ bleached 
irea on the roots about 3-4 in. below the ground sur- 
face often disintegrates completely except ior the 
xylem skeleton. In nearly all cases there is a yellow 
ochre to dark-brown necrosis of the xylem tissue of the 
main taproot (Fig. 1). This symptom could possibly 
be confused with the xylem necrosis symptoms as- 
bacterial wilt (Corynebacterium in- 
Jones & MecCull.) (9) or dwarf (19 


virus}. Cankers similar to those incited by Rhizoc- 


sociated with 


sidiosum F. R 


tonia solani Kiihn occasionally form in the periderm 
tissues of the taproot. 

he area affected is often sharply delineated, usually 
coinciding with the boundaries of a poorly drained 
area. Nearly all plants in the affected region are 
killed at about the same time. In contrast, when 
Rhizoctonia root canker (17, 18). 


also occurring at 
igh temperatures, is the sole cause of stand loss, in 
cidence of plant death is usually not so uniform, and 
numerous elliptically 


shaped yellow-brown cankers 


ire abundant on the taproots and crowns Vascular 


discoloration associated with Rhizoctonia root canker 


is usually limited to localized areas above and below 
the inke rs 


Interaction of high soil 


The ini- 


EXPERIMENTAL RESULTS 


temperatures and soil saturation with water. 


ial experiments were designed to determine whether 


the loss of plants was due to high soil 


temperatures 


XYLEM NECROSIS 


and soil saturation with water 


AND ROOT ROT OF ALFALFA 13 





4 


Fig. 1. Longitudinal section of an alfalfa root, showing 


symptoms of flooding injury following flooding in a water 
bath maintained at 39°C for 24 hours in a greenhouse. 
Note xylem necrosis above and below the disintegrating 


region of root 


‘arrow? 


alone or to the interaction of high soil temperatures 


Three pots were used, 
each containing 5 alfalfa plants growing in unsterilized 
Holtville soil. 


| in. and the pots were submerged in water maintained 


The plants were clipped to a height of 
ibout Mo in. above the soil surface Three pots con- 
taining plants in the same type of! soil were not sub- 
merged. Both sets of pots were left 27 hours in an 
incubator at 39°¢ On the second day after removal, 
the plants that had been submerged began to wilt: 
others appeared normal. One week later, the roots 
were examined. The taproot xylem tissues of the sub- 
merged plants were yellow-ochre. and the plant tops 
were wilted. Some roots were rotted. These root symp- 


toms appeared identical with those seen in the field 
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after flooding in hot weather The taproots of the ance 1.—Effect of various intervals between clipping folj. 
non-submerged plants were white and healthy Com age and a 6-hour flooding period on severity 9j 


parable treatments at 24°C produced no damage. 


This test was repeated 4 times with similar results. 


Later tests, also at 39° ¢ ] 


showed that flooding for as 
short a time as 12 hours induced xylem necrosis syimp- 
toms of flooding injury. and that root damage did not 
occur unless the soil saturated with water. 


j 


k lect ol se sfer ior on flooding injury to al 


falfa plants.—\n earlier experiments the interaction 
of high soil temperatures and water saturation of soil 
plants grown in autoclaved Riverside 
soil. When pots were routinely flooded for 24 hours 


it sy 12 tise <yimpton expression 


was studied o1 


(xvle mH necrosis } 


was erratic and did ilwavs oecul 


lo determine what effect the soil source might have. 


a test was designed so that plant damage on both 


sterilized (steamed | hour at 15 lb. pressure) and un- 
sterilized soil of the Holtville series was compared 
with damage on sterilized Riverside soil. A 50-g por 
tion of the soil to be tested was placed in a cone 
shaped hole between plants growing in a pot of 
sterilized Riverside soil. Each experiment consisted 
of at least 3-4 replicates and was repeated several 
times All soil treatments were tested at water-bath 
temperatures of rt a, ind 23°C, maintained for 
24 hours. 

In one test 82 of the plants in tests of unsterilized 
Holtville soil were dead 10 days or less after flooding. 
whereas in tests of sterilized Riverside and Holtville 
soils showed no detectable damage \s in) previous 


tests. no flooding injury resulted at 23° ¢ 

In other tests. when plants growing in both unsteril- 
ized and sterilized Holtville soils were flooded in a 
water bath at 39°C, only the plants grown in unsteril- 
ized soil were damaged The results resembled those 
cited above, but root rot and xylem necrosis were 
much milder. tr isional experiments some xylem 
necrosis and rotting of taproots occurred in sterilized 
soil flooded at 39° ¢ wwever. in all cases xvlem 
necrosis and root rot wet ich less severe in sterilized 


soil than i insterilize soi] The average zvlem 


necrosis value Y experiments with 8 plants per treat 


ment) was 0.6 for plants in sterilized soil, and 1.7 for 
plants in unsterilized soil 

In another test designed to simulate high soil tem 
peratures in the held thre water temperature Was 
vradually increased tron a % at 8 a.M. to 42°C at 
noon, kept there 5 hours, and allowed to decrease 


vradually to 23°C. by 8 a.m. the next day One week 


after the soil was flooded 10 plants growing in un 
sterilized Holtville coil iveraged xvlem necrosis values 
of 2.3 whereas |O plants growing in sterilized soil 


averaged 0.5 

lo determine whether a toxin might be produced in 
unsterilized soil saturated with water ind incubated 
94 hours at 40°C, 8 4-dram vials were filled with Holt 


ville soil } inste rilized il d | sterilized Two ot each 


series were saturated with water and 2 were not. Com 


24 hours at 23° ¢ After 


the incubation period. 4 alfalfa seeds were planted in 


parable series were incubated 


vy/em necrosis of roots of potted alfaita plants £Tow. 
ng in unsterilized Holtuille soil in a water bath at 


$1 °¢ 
Days between \verage 
Experiment clipping and flooding root necrosis * 

\ 0 2.0 
27 04 

I 0 2.3 
} Ow 

20 0.8 

( 0 1.4 
| 1.5 

4 0.5 

) O.4 

} 0.1 


Assessed after 10 davs: O no damage: | streaks in 


xylem of root occupying | 10-1 4 of a longitudinal section 


of root: 2 14-1. of xvilmen tissue necrotic; 3 ly to 


all of xvlem evlinder necrotic 


each vial. Emergence counts were made after 2 weeks 
No difference in germination or speed of emergence 
could be attributed to any treatment. 

Effects on flooding injury of various intervals be. 
tween clipping and flooding. —The effect of various 
intervals between clipping foliage and flooding alfalfa 
plants was tested on potted plants in unsterilized 
Holtville soil. 
prior to flooding for 6 hours in a water bath at 41°C. 


Plants were clipped at different times 
In Experiment A (Table 1) the average xylem 
necrosis value of roots was 2.0 for plants clipped on 
the day of flooding, and only 0.4 for plants clipped 
27 days before flooding. Root rot and xylem necrosis 
on newly clipped flooded plants are shown in Fig. 2 

In Experiment B, plants clipped on the day of flood- 
ing showed an average xylem necrosis value of 2.3, 
but those clipped 4 or 20 days before flooding had 
respective xylem necrosis values of only 0.5 and 0.8. 

In Experiment C, groups of plants were clipped 0, 
1. 2. 3 and 4 days before flooding in the water bath. 
The results indicate that root damage was greatest 
when foliage was clipped on the day or the day before 
the plants were flooded at high temperatures. Root 
damage gradually dec reased with increase in the in- 
terval between clipping and flooding 

Results of greenhouse tests correlated well with 
those of tests in the field. and conclusively demon- 
strated that newly clipped alfalfa plants were much 
more susceptible to flooding injury than were plants 
clipped several days before flooding. 

Effect on flooding injury of flooding pe.icd and soil 
temperature.—The severity of flooding injury increased 
directly with increases in temperature of the water in 
which pots were submerged and also with increases in 
the length of submersion. This was demonstrated by 
submerging newly clipped plants grown in unsterilized 
soil for different periods in water baths maintained at 


25 a Laat 12 9 and 15 ( 


containing 2 plants, were subjected to each period of 


Three 5-in. pots. each 


flooding at each of the indicated temperatures. \ 


) 


series of pots in each of the 25°, 35°. and 39°C water 
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Fig. 2. Effect of clipping foliage before flooding potted plants in a water bath at 41°C for 6 hours: A) roots of 


plants not clipped belore flooding show no root damage: 


ind rotting 


baths Was held tor 6 hours, another lo! 12, and an- 
other for 18 hours. At 42° and 45°C 1 series was 
held for 4 hours, a second for 6 hours, and a third fo 


8 hours. After treatments the pots were removed to a 


greenhouse bench. At 35°C. the average xvlem necrosis 
value was less than 0.5 after 6- and 12-hour periods of 


flooding, but rose to almost 3.0 on plants Hooded 18 


hours Xylem necrosis symptoms were almost the 
same at 39°C as at 35 C except that injury after 12 
hours flooding was greater (1.2) in the loimer \t 
12°C. maximum xvlem_ neciosis 0) occurred atter 


mly 8 hours’ flooding. with somewhat less (2.0) at 4 
ind 6 hours \t LS ( 


tf and 6 hours was lethal to all plants 


. flooding for periods as short as 
At 25°C, the 
plants were undamaged by 18 hours of flooding. 

Although. within all individual experiments, an in 
crease in flooding injury was positively correlated with 
longer flooding period and higher soil temperature 
Variations in severity of root injury were commen be 
tween tests (Table 1] For this reason data presented 
ere may not agree quantitatively with data obtained 
}other experiments reported in this paper. 

Effect on flooding injury of aeration 
another worker (8), oxygen deficiency appears to be 
the most Important single factor contributing to flood 
ing injurv of tobacco, tomato. and some other plants 
lnereased respiration of the roots at high temperatures 
ind increased activity of microorganisms could en 
hance oxvgen depletion already induced by the re 


placement of soil air with water 


To test the effect of soil aeration ill preheated to 


\ cording to 


B) roots of plants clipped before flooding show xylem necrosis 


the temperature of the water bath (40°C) was passed 
through a 14-in. copper tube up the drain holes of 
four 5-in. clay pots of Holtville soil, each containing 2 
plants. These 4 pots and 4 pots not aerated were im- 
mersed for the same period in water baths maintained 
it the same temperature Soil temperatures in pots 
subjected to both aeration and no-aeration treatments 
were similar. Xylem necrosis from flooding injury 
was reduced only slightly by forcing air through the 
soil in pots. 

Since air, channeled through the soil mass of the 
pots in the aerated series, may actually have aerated 
only a portion of the root region in the pot, 2 tests 
were conducted by immersing bare roots of plants for 
24 hours in about 4 liters of water containing about 
90 g of unsterilized Holtville soil The water (39°C) 
in one series was aerated: that in the others was not. 
After the treatment the plants were transplanted to 
sterilized soil In the first experiment the average 
xylem necrosis value (12 plants per treatment) after 
10 days was 2.7 for the unaerated series and only 0.8 
for the aerated In the second test. symptoms were 
milder but the trend was similar. The average xylem 
necrosis value was 1.0 for unaerated plants and only 
0.2 for aerated plants In both tests. check plants 
maintained in unaerated water at 23°C were undam- 
iged, 

Effect of flooding alfalfa plants in the field when 
ail 


temperatures are high The inland desert valleys 


if southern California are characterized by high 


naximum (Table 2) and minimum temperatures from 
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Taste 2.—Comparison of maximum air temperatures at 
Brawley (B) with those at Fresno (F), California 
1950 to 1952, u average number of days 
annually in which air temperatures exceeded indi 
cated te mperatures ( 
12.5 13.5 19 
BI | BOF Bt 
June 0 Ww I 2 2 0) 0 0 
July | 28 14 ll O 0.3" 0 
Aug. 28 it 2 10 ’ 0 0 0 
Sept. 0 13 24 8 60 0.6° 0 
* Data from U.S. Dept. of Commerce Climatological data, 
California. Vol. 54, 55, and 56 for years 1950, 1951, and 
1952. 
"The maximum temperature exceeded 49°C on 1 day in 
July and on 2 day In Septe mber 1951 
June to September. It is not unusual for the minimum 
air temperatures to remain as high as 27-30°C, and for 
the maximum to rise above 43.5°C. This characteristic 
feature of these regions is undoubtedly associated with 
losses of alfalfa stands from flooding injury. The fact 
that flooding injury is much more prevalent in the Im- 


perial and Palo Verde Valleys than in other warm in- 


land areas of California, such as the San Joaquin 
Valley, suggests that the higher maximum tempera- 
tures are correlated with summer losses of alfalfa. 


(See Table for maximum air temperature data for 


Fresno. in the San Brawley. 


Joaquin Valley. and for 
in the Imperial Valley 

To study natural flooding injury, field plots of Africa 
alfalfa 15 ft. wide and 300 ft 
Imperial Valley Field Station, EI] 


soil temperatures prevailed 


long were flooded at the 
Centro. when high 
Records for 3 years of 


the temperature of the flooded soil at 2 in. depth. and 


of the surface water, showed that soil temperatures 
averaged 2-5°C less than the surface water tempera- 
ture. The surface water temperature occasionally 


equaled the air temperature but did not exceed it: 


usually it was 1-3°C lower 
In experiments conducted during the first 2 years. 
plots were flooded for only 24 hours since it seemed 


unrealistic under usual circumstances for land to re- 


main flooded for a longer period of time. Plant losses 
field under 


tions, but in most cases plant loss was 


were not as severe as in the natural condi- 


greatest when 


the temperature of the surface water was the highest. 


For instance. no piant damage occurred in one test 
when the maximum temperature of the surface water 
rose to only 35°C for hours. but about 30°, of the 
flooded plants were killed in another test when the 
temperature of the surface water rose to 10°C for 2 
hours. No damage occurred on plots flooded for only 
12 hours at night when temperatures were 27—29°¢ 
Although the results of these experiments in general 


showed a trend similar to that obtained in the green 


house and indicated that flooding injury to plants in- 


creased as the temperature of the surtace irrigation 
water rose. symptoms of flooding injury were not as 
severe as those which occurred naturally For this 
reason, flooding for extended periods (12, 36, and 60 
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hours) was tested during times of high temperature 
in 1957. 
Since previous field observations and greenhouse 


tests (reported above) showed that clipping foliage 
immediately before flooding increased susceptibility 
to flooding injury. 4 strips of alfalfa 6 ft. wide were 
moved across each of the field plots at different times 
prior to flooding for 12, 36. and 60 hours. 

Respective maximum temperatures of the soil at a 


2-in. depth for each of the 3 days were 36°, 37° and 
36°C. Since graphs of temperature data were similar 


(July 4) 


Ten days after flooding, roots of 


for the 3 days, only those for the last day 
are shown (Fig. 3). 

25 plants selected at random from each plot were 
examined for incidence and severity of xylem necrosis 
of the The (Table 3) that no 
damage occurred after the 12-hour irrigation on plots 
After 36 hours 
of irrigation, xylem necrosis was more severe (1.5) in 


After 


roots was 


taproot, data show 


of either clipped or unclipped plants. 


clipped plants than in unclipped plants (0.5). 
the 60-hour irrigation, xylem necrosis of 
more severe (3.0) in clipped plants than in unclipped 
All plants died in the clipped plots but 
about half survived in the unclipped plots. 


About 3 weeks later. 2 adjacent plots of alfalfa were 


plants (1.5). 


flooded for 36- and 60-hour periods. On each of these 
plots 3 replications of the following clipping §treat- 
ments were made: 1) plants clipped 20 days before 


) 


flooding, 2) clipped 5 days before flooding. and 3) 


clipped 1 day before flooding. Since plant damage 
from flooding was small with periods as short as 12 or 
24 hours in previous tests, no trials were conducted 
with those periods. Respective maximum soil tem- 
peratures at the 2-in. depth for each of the 3 days 
were 34°, 34 


test). 


and 31°C (lower than in the previous 
Ten days later the number of healthy living 
plants per square foot in each of the plots was re- 
corded. In plots flooded 36 hours but clipped 20 days 


before flooding. an average of 88% of the plants sur- 


vived:; in plots clipped 5 days before flooding. 41% of 
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surtace water, 
Field Station, 


Fig. 3. Comparison of soil (2-in. depth), 
and air temperatures at the Imperial Valley 
El Centro, California July 4, 1957, 
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Tape 3.—Effect of various flooding periods on the severity 
; . 


i flooding injury to alfalfa plants 


Foliage 


Hours of flooding treatment \vlem necrosis 


12 (] dav) ( lipped 0 

os L ne lipped 0 

% (2 days, 1 night) Clipped 1.2 
| nelipped 0.5 

mi) (3 davs. 2 nights) Clipped 3.0 ‘all plants dead) 
Ln lipped L.5 


Average of 25 plants: 0 no damage; | streaks in 


xviem of root occupying 1 10-1/4 of longitudinal section 
ef root 2 1,-1y of xylem tissue necrotic; 3 l. to all 


i xvlem cylinder necrotic. 


the plants survived: in plots clipped l day before 
In plots flooded for 60 
hours, plants clipped 1 or 5 days before flooding had 


( 


Hooding. only 26°¢ survived. 


no survivors, but plants clipped 20 days before flood- 
ing had 25°; survival. 

In this test. plant injury by wheel impressions of a 
light tractor increased the susceptibility of plants to 
later fooding injury. The soil was dry when the tractor 
was driven over the plots, and no visible depression 
was made in the soil. One week after flooding (certain 
plots for 36 hours and others for 60 hours) greater 
numbers of dead and wilting plants could readily be 
seen in the wheel tracks. Apparently. injury may have 
in effect similar to that of clipping on the susecep- 
tibility of alfalfa plants to flooding injury. 

These field experiments indicated that flooding in 
iry was not as serious following 12- or 24-hour pe 
riods of flooding at high temperatures as following 36- 
or 60-hour periods of flooding In the greenhouse 
work. flooding injury occurred after shorter periods 
of flooding. This lack of agreement might be explained 
by the fact that soil temperatures in 5-in. pots soon 
became equilibrated with those of the water in the 
water bath (39-42°>): but in the field. despite the tact 
that temperatures of surface water often rose to 59 
12°C. the temperature of the soil mass at the 2-in 
depth did not exceed 37°C (Fig. 3) 

Since growers seldom intend to flood alfalfa fields 
for more than 6 to 12 hours, the finding that 36— and 


OU-lhour periods ol Hooding were necessary to induc t 
njury at high temperatures. as shown in the data, 
may indicate inadequate drainage in many fields. Ir 


rigation runs on many farms are ‘4% mile long. and 
large areas drain poorly in some fields. or are so level 
that they drain slowly These areas sometimes remain 
Hooded or extremely wet for at least 36 hours. though 
the Irrigation period Is shorter 

Discussion The work reported here agrees with 
conclusions of other workers (8. 13. 14). namely. that 
lack of sufficient aeration in flooded soil may be one 
of the main factors leading to death of plants 
The finding that flooding injury was much more 


e in unsterilized soil than in sterilized soil in 


lieates that microorganisms play a role. Perhaps a 
number of either aerobic or anaerobic microorganisms 
are capable of rapidly denleting the oxygen from soil 


iir at higt temperatures it the expense ot the plant 
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root. It may also be reasonable to suspect the exis- 
tence of certain organisms pathogenic to roots of al- 
falfa under high soil temperature and moisture condi- 
tions. If so, they must be more active in unaerated 
soil, for, in this study, experimental aeration of bare- 
rooted alfalfa plants maintained at high soil tempera- 
tures in an unsterilized water-soil suspension greatly 
reduced the intensity of flooding injury symptoms. 

High temperature or “summer” flooding injury prob- 
ably does not differ materially from that induced by 
poor drainage in fall, winter, or spring, except that 
injury occurs more quickly at higher temperatures. 
Xylem necrosis and root-collapse symptoms typical of 
Hooding injury have been noted in plants growing in 
poorly drained soil in the greenhouse at moderate tem- 
peratures, 

Knowledge developed in this study of the factors 
that lead to intensification of the flooding injury pro- 
vides a necessary supplement for study of Phytoph- 
thera root rot of alfalfa (2. 3). which is also favored 
by wet soils. In testing the resistance of varieties to 
Phytophthora root ret, in either greenhouse or field, 
there is a danger that flooding injury might be mis- 
taken for Phytophthora root rot. There is also a pos 
sibility that plant material known to be resistant to 
Phytophthora root ret might succumb to flooding in- 
jury under wet field conditions 


he greater susceptibility to flooding injury when 
alfalfa plants are newly clipped is not yet well under- 
stood Temperatures of the surface water did not 
appear to be enough higher (1-2°C) in the clipped 
areas than in the unclipped to account for this 
phenomenon 

Since plants clipped just before irrigation were 
more susceptible to flooding injury than those not 
clipped. delay in irrigation until some regrowth of 
plants follows clipping would be a desirable practice, 
Careful attention to this detail has helped many 
growers 

Since soils différ in texture and structure, the data 
concerning the periods necessary for severe flooding 
injury cannot be considered applicable to all areas, 
even within the Imperial Valley. These data simply 
indicate that alfalfa growing in soil that remains 
saturated for an extended period is liable to be killed 
when surface water temperatures rise to 39-40°C, 
especially if the foliage has been recently clipped. 
Since more than one factor is active in inducing flood- 
ing injury. it may be difficult to predict precisely 
when flooding injury will result 

Severity of flooding injury to alfalfa appears to be 
influenced by 3 factors: 1) temperature of water and 
soil. 2) how long the soil remains saturated or nearly 
saturated. and 3) how long before flooding the plants 
were clipped. Reducing the intensity of any | factor 
may reduce plant damage, but only the latter 2 are 
subject to practical control. Night irrigation would 
effect a reduction in soil and water temperature but 
mly for a short time. Control measures should in- 
clude 1) proper leveling of land for efficient drain- 


re. 2) regulation of irrigation practices so that the 
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soil remains saturated as briefly as possible, and 3) a 

7- to 10-day period betwee! cl pping and flood irriga- 

tion. 
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WOOD-INHABITING FUNGI 


ROT OF LIVING GRAPEVINES ' 


Luigi Chiarappa > 


st MMIARY 


The oxidatiy two of the 


wood decay ot the 


extracellular enzymes ol 
fungi associated with the 
and 


production, 


grape- 


vine, some of 


onditions favoring thei 


were invest ites Stereum hirsutum 
I iat 


rroduced lac ise 1n al irtine il liquid medium and 
| i 


on grape saw lust Production of this enzyme was 


lungus colonies In reases 1n laccase activity were 
obtained by adding manganese or copper ions to 


dialized culture filtrates of the fungus. 
of laccase 


No ey idence 
was found in ground mycelial extracts of 
S. hirsutum, and no 
detected in its 


tyrosinase or peroxidase was 
culture filtrates. Fomes igniarius 
produced abundant peroxidase and laccase in an 
artificial liquid medium 





affected by the composition of the medium pH 
levels, presen of pheno substances. and age of 
INTRODI CTION re) Fi thie early Work iT Baven 
damm (2) it was ed that fungi associated with 
white rots are essentially different from brown-rot 


fungi in oxidative enzymes. Davidson, Campbell, and 


Blaisdell (6) confirmed Bavendamm’s generalization 
that. when tested containing gallic and 
tannic acid, white-rot fungi react positively, i.e. with 


the formation of a dark zone in the medium adjacent 


to the fungus myceliun ind brown-rot negatively. 
Accepted for publication March 24, 1959 
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ration, Di Giorgio, Ca 


little consideration to 


identifying these enzymes and studying their physio- 


Early workers. however. gave 


logical rele. Only in recent years have important 


contributions been made in these specialized fields. 
(17), 


celia of several basidiomycetes, 


| aw ground 


using water extracts from my- 
found peroxidase and 
a phenol oxidase in the extracts of white rots, but not 
of the She suggested that the 
phenol oxidase was more closely related to 
than to but offered no evidence for the 


production of 


in those brown rots. 
laccase 
tvrosinase, 
extracellular 
(11) showed that Polyporus abietinus 


formed at 


Garren 
(Dicks.) Fr. 
15 hydrolytic enzymes including per- 
but did not form 
Boidin (3) reported on 123 species of basidiomycetes, 


these enzymes. 


least 


oxidase and laccase tyrosinase. 
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tating that 15 produced neither tyrosinase nor lac- 
se, 49 produ ed both. 53 produced only laccase. and 
6 produced tyrosinase. He did not mention peroxidase 


production 


Dion (7) described an extracellular enzyme pro 


duced by the fungus Polyporus versicolor L. ex Fr.. 
and reported on its effect on different types of lignin 
and simple phenols related to this substance. Inde- 
pendently from Dion. Fahraeus (9) and Lindeberg 


(18) Sweden on the 


enzymatie 


and Fahraeus reported from 


extracellular activity of the same fungus 


They characterized the 
studied the influence of various factors in its produe- 


enzyme as a_ laccase. and 


tion (10). The oxidation of indoleacetic acid by ap- 
parently the same extras ellular enzyme of P. versi 
rolor was investigated by Tonhazy and Pelezar (27). 
These authors seem not to have been aware of the 
work done by Lindeberg and Fahraeus 

The ability of 
produce laccase extracellularly was confirmed by Ly1 


several wood-rotting organisms to 
20). who also reported peroxidase in 13 of 103 cul- 
ture filtrates from various basidiomycetes. He further 
characterized fungus peroxidase in 1956 (21). 
Although Higuchi (12) was unable to observe lignin 


oxidation by either laccase or potato tyrosinase, most 


recent workers (7. 18. 20) indicate that laccase is in- 
volved in the oxidation and decomposition of lignin. 
Dion (7) observed that lignin in the oxidized form. 
after being subjected to laccase activity, was more 
soluble in water, and suggested that this form could 
be more susceptible to the action of other fungus 
Lyr (20) proposed that peroxidase may en 
fungi to attack the 


Siegel 


enzvmes 


able some wood-rotting ( omplex 


lignin molecule. Recent findings by (24). on 


the peroxidase-catalyzed oxidation of thymol and 


eugenol during the lignification of embryonic axes of 


bean seeds. seem to support Lvyr's hypothesis. 
Oxidative enzymes. apart from their probable fune 


tion in the delignification process. are of primary in 


portance because of their ability to ¢ atalvze the oxida 


tion of phenols into phytotoxic quinones and their 
ability to inactivate proteins (15, 16. 25). auxins (25, 
27). and hormones (25). 


The widespread occurrence 
of these enzymes in highet plants. and the possibility 
may take an active part in aerobic 


14, 28). 


that some. at least. 
respiration of plants (1. 4. makes their study 
extremely interesting. 

identify the 


This investigation was conducted to 


oxidative enzymes produced bv two of the wood-in 


habiting fungi associated with internal decay of the 


frapevine and to determine some of the conditions 
that favor their production. 
Culture Basal 


nutrients for growing the fungi used in this study were 


MATERIALS AND METHODs. media 


Dion's solution (7) modified to contain no calcium 


carbonate, and the medium described by Sequiera and 


Steeves (23). The nutrient solutions were added to 
900-ml or 250-ml Erlenmeyer flasks. 100 and 50 ml 
respectively. A 10*10-cm double sheet of glass wool 
was placed in each flask to maintain mycelial frag 


Kickx on the 


Culture 


ments of Fomes igniarius (L ex Fr 


surface of the medium following inoculation. 
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media were autoclaved 20 minutes at 15 Ib. 

In some experiments 2.5 ml of 0.1M catechol or 
pyrogallol solution, after filtration through a sterile 
Seitz bacterial filter. were asept ally added to 50 ml 
of autoclaved nutrient medium 

Repla ement cultures were prepared from 3-week- 
These from the old 


medium, washed twice in sterile distilled water. and 


old mycelial mats were freed 


aseptically resuspended on fresh nutrient solution. 
Che sawdust medium used in these studies was pre- 
pared from the healthy wood of a freshly felled seven- 
year-old vine. Ten grams of sawdust were placed in 
a l-pint Mason jar and moistened with 20 ml of dis- 
tilled water. The jars were incubated 36 hours at room 
temperature, and then fumigated. with propylene oxide 
blotter 
Fumigation time was 48 hours. 


impregnated in paper, about 4 ml per jar. 
Sterile distilled water 
was added to this medium as needed during the course 
of the experiment. 


Seeding of all media was made with 4 ml of mycelial 


or spore suspensions. Cultures were grown in the 
dark at room temperature. 
Preparation of the enzyme extracts.—Dialyzed cul 


ture filtrates were most commonly used for enzyme 


activity measurements. Dialysis was made in the cold 
(12°C) against distilled water 
from 24 to 78 hours. In the 


Was changed daily. 


lime of dialysis varied 
latter case, distilled water 
The enzyme was salted out in the cold by slowly 
sulphate to full 
precipitate was left overnight in the cold (4°C), and 
collected on a 0.6-cm-thick filter pad of Celite (Johns 
Manville L-665A). It was then eluted with cold dis- 
tilled water to 14 of the original filtrate volume 


adding ammonium saturation. The 


Extracts from ground mycelia were obtained from 


}-week-old mats of S. hirsutum growing on Dion's 


(500-ml flasks). The mats were 


washed in distilled water. blotted, weighed, and ground 


medium thoroughly 


white sand and 15 
buffer (pH 5.0) 
weight). The extracts 


in a cold mortar with medium-size 
ml of cold O.1M citrate-phosphate 


per gram of mycelium (wet 


were centrifuged at 2000 rpm for 10 minutes, and the 


supernatant solutions used for activity measurements 


Enzyme activity measurements._1) Colorimetric 


methods. Laccase determinations were performed in 


test tubes following a modification of the method given 


by Dion (7). The reaction mixture consisted of 1 ml 


of O.1M citrate to 0.2M phosphate buffer (pH 5.0). 
l ml of enzyme-containing solution or boiled control, 
and 5.0 ml of a 0.1% solution (w/v) of phenolic sub 
strate. Two replicates for each treatment were used 


and incubation lasted 48 hours at 37°¢ 


All the determinations for peroxidase activity were 


made in a nitrogen atmosphere at room temperature 


(about 24°C) in a modified version of that described 


by Sumner and Gjessing (26) Several 2-side-arm, 


stoppered Warburg flasks were interconnected by short 


tubes to continuous closed-system at- 


After 
tion, purified nitrogen was allowed to flow through the 


Ivgon form a 


tached to a gas supply line a 5-minute evacua- 
system for 10 minutes. All the gas-vent stoppers of the 


flasks were then closed. the connecting tubes removed, 
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Pance 1.— he phe ates b in the formation of a reddish substance soon turning 
dialyzed f 0 old re Stereut to brown. Oxidation of p-cresol by fungus laccase wry) 
hirs ‘ wo ee the formation of a precipitate similar to that obseryeg 
ilaliiat, ') dias Sequiera medium in our experiments has been reported in the literatyr 
"3 (7. 8) 
ad cid es Manometric determinations revealed that laceay 
Catechol " brown activity of S. Airsutum was influenced by the nature of 
Phenol the medium, pH, age of the fungus colony. and_ pres 
‘tyrosine | ence of certain activators. No evidence of laccas 
—areoe cass ee ae activity was found in ground mycelial extracts of the 
ashen’ creat 1 to purpl wht ved fungus. thus indicating the extracellular nature of this 
enZzvine. 

The production of lacease by S. Airsutum under 
ind the reagents mixed. The reaction mixture in each conditions resembling those in nature was determined 
vessel consisted of 0.5 lof 5 pyrogallol solution in with a vrape sawdust medium. One hundred ml of 
the side arm. and | n f O.1.M citrate buffer (pH 9.0). sterile distilled water were added to 3-month-old fun. 
2 ml of enzyme solution. and 0.5 ml of 1 H.O. in vus cultures and left 


the main con partment ( trols consisted of distilled 


water in place of H.O.. and a commercial horseradish 

peroxidase (Worthington Biochemical Co instead of 

tungus enzyme sotut 
2) Manomet: 


Vieasurements of oxida 


tive enzyme activity were ide in duplicate ina War 
burg respirometer at 50 ¢ ising a modification of the 
procedures given by Lindeberg and Holm (18): 16-ml 


flasks were ed ind shaking was at 120 


oscillations per minute. Each reaction vessel contained 


eapacity 


2 ml of dialyzed rr partially to irihed, tungus enzyme 
solution, and 1 ml of O.1.W citrate buffer at pH 5.0 in 
the main compartment ind O.3 ml ot a | solution 
of hvdroquinone or of p-cresol in the side arm In 
some determinations either manganese chloride at 
10 VW or CuSO, at 10 7 concentrations were added 
to the reaction mixture. The gas phase was air in all 
cases, and after ai tial temperature equilibration 
period of 10 minutes readings of oxvgen uptake were 
made at 10-minute intervals tor 2 hours Phe results 
were expressed it l of oxvgen uptake per hour and 
per mg ol drv we ht of enzyme solution 

EX PERIMENTA Rs rs [vrosinase ietivity Was 
not detected in culture filtrates of Stereu hirsutum 
Willd. ex Fr | + t ent is mainly based on the 
failure of the enzyme preparations from this fungus to 
oxidize tvrosine 

The ability of S . m to produce laccase extra- 
cellularly. however ident in both the colort- 
metrv ind manomett leterminations Table 1 re 
ports the results ) experiment ino which color 
changes were produced irious phenolic substance- 
by adding dialyzed filtrates from 10-day-old fungus 
cultures Lrowtl a sutum was not as good on 
Sequiera s medi is he modified Dion's solution 
which probably ex me of the differences in 
enzvme content of the two media The rate of color 
changes varied considerably with phenolic substrate 
and was most rapid whe itechol and guaiacol were 
oxidized. The chang: lor of p-cresol. as described 
in Table | wa licative of lacease rather than 
tvrosinase activity. Oxidation of p-cresol as obtained 


mn parallel tests where either potato tvrosinase or com 
mercial tyrosinase Nutritional 
| 


thon 7.03 cresolase units per n 


Bios he rile al ( orpora- 


re sulte d 


were ised 


week. 
tested for enzvmatir 
\n oxygen uptake of 15 gl mg hr was meas 


standing for | F iltrates 


from these cultures were then 


activity. 
ured during the oxidation of hydroquinone. This was 
about the same activity found in filtrates from 3-week 


old cultures of the 


same fungus on Dion's medium 


(initial pH 3.5). 
The influence of the initial pH of the 


medium and of the age of the fungus colonies on lae. 


growing 
case production by S. hirsutum was studied in a com. 
bined series of experiments. Only the lower pH range 
was explored. because it was known from. collateral 
tests that laccase production was weak at initial pH 
values above 5.0. The fungus was grown on modified 


Dion's medium adjusted at 3 pH levels: 4.5. 3.5. and 


20¢ 


iSr Culture ot 
Initiai pH 3.5 


4 


hl Oo /Mg Cult Filtrate / Hr 
ro) 
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Fig. 1. pH 


Airs 


changes and laccase activity of Stereun 


itun culture filtrates over a ) week period (,rowing 


medium was Dion's modified solution initially 


adjusted at different pH levels. The solid points indicate 
changes in pH of culture solutions: tl 


nutrient 


open points indi- 


ite laccase activity 
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Turning rapte 2—Weekly changes of mycelial dry weights of Peroxidase activity was high in filtrates from 3- 
ase wit Stereum hirsutum growing on modified Dion's me week-old cultures of F. igniarius. The color developed 
observe dium at different initial pH levels when pyrogallol was oxidized into purpurogallin by 
iterature fungus filtrates had the same intensity as that obtained 
Week : in similar tests in which a strong solution of commer- 
laceas Initial Ist 2nd Srd bac tows cial horseradish peroxidase was used. No quantitative 
ature of pH me" - cent = ~ determinations were made of fungus peroxidase 
1d pres 25 13.0 17.0 41.8 4l 0 15.0 Discussion.—lIn this study, evidence was gained on 
laccas . boo aoe ty 90:2 oe the nature and quantity of oxidative extracellular 
~ Of the ho >in re tse sta enzymes produced under different cultural conditions 
of this by two of the fungi associated with the grapevine 
trunk decay. 
under 25. Duplicate flasks tor each of these adjusted media is ie Gall eatebiiched thes the cates ab ees 
‘rmined were used ae enya activity measurements at weekly stroying fungi is conditioned by their capacity to form 
ml of ntervals for 5 weeks. Determinations of pH changes a variety of enzymes (22, 29). Only recently, how- 
ld fun luring the experiment were made before dialysis with ever, great emphasis has been laid on the specialized 
iltrates , standard Beckman pH meter. Dry weights of both group of oxidative enzymes. Of these, only peroxidase 
ZV Mati¢ mveelial mats and dialyzed culture filtrates were com- and laccase are, at present, recognized to have a role 
> meas puted in duplicates after drying at 90°C. Media origi- in the Wiclesic decomposition of Hesia (7, 18, 2) 


nally adjusted at pH 3.5 were found to be best suited 








IS was Ki Tyrosinase, on the other hand, does not seem to be in- 
}- week for laccase production (Fig. 1). snzyme activity WaS hd in thi process. Most workers agree that this 
nediun maximum at 4 weeks, after which laccase content de- cuatmnm. in. Ketek teteecsidin te hak, bien, ane 
clined sharply. This rapid decrease was interpreted white-rot fengi (3, 17, 19). The only resect of the 
rowing to be the result of the activity of proteolytic enzymes presence of tyrosinase in culture filtrates from fungus 
on lac. liberated during the decomposition of fungus my- species associated with wood rots is by Higuc hi and 
a Com. celium. The reduction in dry weight of mycelial mats Tien §58\. 
»@ » 2 a ves } x 
range at the fifth week (Table 2) and the changes in pH of \ correlation between the amount of extracellular 
lateral the medium (Fig. 1) seem to support this hypothesis. 
al pH Growth of S. hirsutum was greatly reduced at pH 2.5, 
rdified which partially accounts for the low enzymatic activity 200} / 
>. and found in the media adjusted at this pH level. d 
The critical effect of age on laccase production was F 
confirmed in other experiments, in which replacement 
cultures were used and enzyme activity was measured 
it weekly intervals. starting 9 days after the addition . 
° ; ‘ 160r 
of the fresh medium. Laccase increased considerably 
») . . 
it 2 weeks. but almost no activity was detectable one 7 igniorius * 
week later a . 
Laccase production was slight when catechol and © 
= - 4 
pyvrogallol were added to the growing medium, 0.7 and si y, 
- ae , L ° 
ae 0. /mg hr. respectively. in 2- and 3-week-old 4 120 4 
“les aq 4 
tures ts oe ° 
a 4 
Oxidation rates were stimulated up to 48% when 5S / / 
° 
10 crude filtrates were precipitated with ammonium sul- ai < Ps 2 
9 phate. The precipitates were tested for activity after oO Z S. hirsutum 
dilution in water. Attempts to purify laccase further —  80F of 
8 4. 4 
? by subsequent precipitation with acetone failed. prob- 7 
. ably because of the relatively small amount of enzyme ° Pa 
- present in the original filtrates. of 
3 & / 
Adding copper ions to dialyzed filtrates increased a 
‘ tivity up to 12°>. and manganese ions increased 40F pf 
3 ictivitv only 5G & 
° No peroxidase was detected in dialyzed filtrates from 
! a 4+-week-old culture of S. hirsutum. ff 
No tyrosinase activity was found in any of the cul . 
ture filtrates ot F. 1gniarltus. re) i 1 4 1 a a 
Extracellular production of laccase by this fungus Qo 20 40 60 80 100 120 
reun was remarkably higher than that by S. Airsutum. Fig. 
es ; MINUTES 
wing 2 compares the enzyme activity of the filtrates from 
'] ) i 2 ‘ ce i ( 0 dial ( trates 
_— -week-old cultures of F. igniarius and S. hirsutum on Fig. 2. Comparative laccase activity of dialyzed fitrat 
icate D : reo \ from 3-week-old cultures of Stereum hirsutum and Fomes 
ndi- ion s modified medium. as measured in a arburg igniarius growing on Dion's modified solution of initial pH 


respirometer 5 
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oxidative enzymes and the wood-destroving ability of 


xilophilous fungi has been made by various workers 


(9, 20). Our findings appear to be in agreement with 


this theory Despite the larger mycelial mat pro 


duced in culture by S. Airsutum, the amount of laccase 
released into the medium bv this fungus was tar less 
than that by F. igniarius. This and the 


peroxidase in culture extracts of S. Airsutum 


absen e ot 
seem to 


correlate with the results of pathogent ity tests where 


only fh 


igniarius appe ired to be able to produce the 


white rot typical ot grapevines ) 

Some of the results of the present study appear to 
be somewhat in contrast with those reported in the 
literature. Law (17) showed that ground mycelial ex 


tracts of S. Airsutun ontained both laccase and tyro- 


sinase. Boidin 3) could not confirm the presence of 


tvrosinase in similar extracts and no lacease could he 


detected in the present investigation 


changes of tyrosine. resor 
filtrates of P 


showed that 


Dion (7) reported color 


cinol, and phenol induced by culture 
Lindeberg and Fahraeus (18) 
culture filtrates of the 
Although this same enzyme 
reactions described by 


substrates lt 


versicolor. 
same fungus contained laccase 
was used in these investi- 
Dion 


appears 


vations. none of the color 
were observed with § the sammie 
changes of tyrosine. 


Dion 


doubtful. however. that the color 


resorcinol, and phenol given by were due to 


rmaccast 


the action of 


The strong peroxidase production by the California 


isolate of F. igniarius 
sults of Lvr (2] 


ippears to corroborate the re 


Iwo strains of this fungus were 


found by Lyr to be imMong the most active peroxidase 


producers of more than LOO of wood-rotting 


None ot thre Sfereum 


spec ies 
species used in his studies 
(21) 


from culture 


fungi 
reported 
filtrates 
with the 


showed any peroxidase activity. Lyr 


weak 
of F. 


laccase ictivity or none 


igniarius. but the results were opposite 


California isolate \ possible explanation may be 
that Lyr used excessively old culture filtrates 
\ practical application may be derived from some 


of the observations of the present study If laccase and 


peroxidase should prove essential for wood-rotting 


fungi to attack the complex lignin molecule, it is con 


ceivable that any sul 


stance that inhibits or inactivates 


these enzymes could be effectively used in controlling 
} 


hat sodium = ar- 
control of black 


with the 


wood decay It also seems possible t 
senite, applied at present for the 
measles, a disease of associated 
trunk decay (5 may act on 


study to demonstrate these 


grapevines 
these same enzymes. A 
possibilities would be of 


extreme interest 
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THE FLUSARIUM ROOT ROT OF BEAN 
Burkholdet 


st MMARY 


The effect of different crops in rotation and or 
vanic amendments on the severity of Fusarium root 
rot ot beans (Phaseolus vulgaris | J. and on popu 
lations of Fusarium solani {. sp. phaseoli, bacteria 
fungi, and Pratylenchus spp. was 
In the 
prec eding beans 


ictinomyceltes, 
studied in field and greenhouse experiments. 
field. wheat grown immediately 
significantly reduced root rot severity; in the green 
house, alfalfa had the greatest effect. In the field. 
io differences were observed among populations of 
the bean reot rot Fusarium in the. differently 
cropped soils, although differences were significant 
in the greenhouse. Evidence indicated that rela 
tively low populations of the Fusarium may induce 


high incidence of infection. Populations of Pratyl 
enchus spp. were highest in reots of beans grown in 
soil previously cropped to wheat, and generally 
were recovered in greatest numbers from the 
cleanest roots. Crop residues or amendments had 
no apparent effect on populations of bacteria o1 
actinomycetes, but affected fungi markedly, both 
quantitatively and qualitatively. No definite rela- 
tionship was observed between the relative fre- 
quencies of nutritional groups of bacteria and root 
rot severity. though there were indications that root 
rot was associated with a high incidence of amino 
acid-requiring bacteria 





The dry root rot of beans (Phaseolus vulgaris L.). 
caused by Fusarium solani f. sp. phaseoli ( Burk.) 
Snvd. & Hans... was described first by Burkholder (1), 
and later reported from most of the major bean 
Miller (12) 


said that bean root rot is a disease of major importance 


growing regions throughout the world 


in newly irrigated areas, but that yield losses are not 
in proportion to percentage of infection. Failure to 
find a chemical control or a root-rot-resistant bean has 
restricted countermeasures to: 1) crop rotation, and 
2) control by irrigation where it is practiced. In irri 
gated areas where root rot is severe. high hilling (12) 
ind continuous irrigation (11) stimulate new root pro 
duction and promote a reasonable yield. The produ 
tion of large numbers of lateral roots at the surface 
of the soil necessitates shallow cultivation to prevent 
severe root destruction (1). 

In both 


areas, Crop rotation is the most widely practiced means 


irrigated and = unirrigated bean-growing 


of reot rot control. Recommended rotation involves 
it least 3 vears between bean crops. with the land 
planted to some non-host plant iy spite the extensive 
use of crop rotations to combat soil-borne plant patho 
gens. very few studies have been made of the value of 


different crop sequences, of the length of rotations. or 
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of other factors that may contribute to the desired ob 
jective. Hildebrand and West (7) incorporated vari- 
ous Crops mnto soil and observed that a severe root rot 
of strawberry was associated with soil bacteria that 
exhibited maximum growth in a simple medium of 


inorganic salts and glucose: in contrast. bacteria that 


required amino acids (besides the inorganic salts and 
glucose } for maximum growth were associated with 
reduced root ret. Cochrane’s work (4) suggests that 
crop residues may, themselves, initiate root rots. 

In the present study, field surveys and greenhouse 
experiments were conducted to investigate the follow 
ing subjects: 1) the relative effect of various rotations 
on bean root rot; 2) the effect of crop rotation on 


populations of the bean root ret pathogen, F. solani 
f. sp. phaseoli, as well as of other fungi, nematodes, 
bacteria, and actinomycetes; 3) the relationship. be- 
tween certain nutritional groups of soil bacteria and 
root rot severity: 4) the effect of various crop residues 
on plant growth; and 5) the effect of rotation period 
on root rot severity and populations of various micro- 
organisms 

MATERIALS AND METHODS. Thirty-six fields in vari- 
ous types and stages of rotation, in which beans were 
planted following beans, cabbage (Brassica oleracea 
subsp. capitata L.). corn (Zea mays L.), wheat (Triti- 
cum aestivum | alfalfa (Medicago sativa L.), or 
were selected for 
study in the bean-growing region of western New York 
Three other fields, 2 of beans after oats (Avena sativa 


|.) and 1 of beans after barley (Hordeum vulgare L.), 


red clover (Trifolium pratense | 


were also sampled. but, because the samples were few. 


these were not compared with the other rotation crops, 


though they were included in comparisons based on 


root rot severity. Alfalfa and red clover were treated 
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is 1 group since mixed plantings were frequent { on one medium to the average number of colonies 
history of each field was obtained back to the preced- developing on another medium, a method similar to 
ing bean crop that employed by Contois (6) for expressing the rela. 

Because fields are subject to a large number of un tive frequencies of rhizosphere bacteria. Only 3 ratios 
controllable variables. an atten pt was m ide to develop appeared to exhibit any consistent trends, and these 
a stable microbial population in a greenhouse experi were derived from counts on the basal medium (num. 
ment by repeated cropping of Red Kidney beans in ber 1), the amino acid medium (number 2), and the 
pots containing a mixture of field soils known to con- — soil-extract medium (number 6). 


tain a number of bean root pathogens. The soil from 
these pots was then mixed and dispe nsed into 6-in, pots 


Che differ- 
ent groups were pl inted with Red Kidnev beans. N-203 


eroups of » re rie ifes eac h 


divided into | 


beans." wheat (Cornell 595 ilfalfa (Grimm). or red 
clover (commercial), or amended with 50 ¢ of barn- 
yard manure or with 25 ¢ of pine sawdust per pot. 
The plantings were repeated twice more, at 3-month 
intervals, with only 25 g¢ of manure and 10 g of saw- 
dust incorporated into each pot. Two weeks elapsed 
hetween incorpor ition of the roots (tops removed) and 
the planting of the next series. After incorporation 
of the third planting of rotation crops. soil samples 
were taken, and all of the pots were planted with Red 
Kidney beans 

From at least 10 random points in each field. soil 


samples were taken prior to planting and a composite 


prepared. Samples in the greenhouse experiment were 


made up of 3—5 cores taken from each pot 

Root rot indices were determined on 25 bean plants 
taken from each field 10 weeks after planting, and on 
3-6 plants taken from each pot 6-8 weeks after plant- 
ing. Each plant in a sample was assigned a value of 
0. 20, 40, 60. 80. or 100. based on severity of root rot, 
and the RRI (root rot index 
values. A preliminary experiment conducted in a field 


is the average of these 


heavily infested with the bean root rot Fusarium dem- 
onstrated that there is an increase in root rot severity 
up to 6 weeks after planting. with no appreciable 


The respective RRs at l. 2. o. 


increase thereafter 
1. 6, 8. 10. and 12 
and 66. 


weeks were ;- 2 20 6. 58. 62. 06. 


Nematodes were extracted from bean roots by the 
Young incubation technique (14). and the number of 
Pratylenchus spp. recorded 

Populations of fungi were determ ned by plate 
counts on rose-bengal-streptomycin agar (10). and 
plate counts of actinomycetes were made on glycerol- 
asparaginate agar (5). The media employed for counts 
and nutritional grouping of bacteria were modified 
from those of Lechhead and Chase (8) by adding 
15°) agar? and 0.0] \cti-dione (evcloheximide ).° 
The relative frequencies of ba terial colonies develop- 
ing on the different nutritional media were expressed 


as ratios of the average number of colonies deve loping 


*A bean that is highly resistant to Fusarium root rot and 


has small. black seeds, heavily pigmented stems and pods, 
and an indeterminate growt! This bean is being used 
as a source of root rot resistance in breeding experiments 
at Cornell University 
‘Difco special agar (Noble), a purified agar, was used. 
3-[2-(3,5-dimethyl-2-oxocvclohexy]) -2-hydroxy-ethyl] glu 
tarimide, a fungicidal antibiotic produced by Upjohn and 


Company, Kalamazoo, Michiga 


The most-probable-number method. which has beep 
shown to be adaptable to estimations of populations of 
soil-borne pathogens (9). was used to estimate the 
numbers of F. solani f. sp. phaseoli. 

\ preliminary experiment demonstrated that very 
low initial populations of this fungus may result in 
relatively high incidence of infection. Sterilized soil 
was infested with conidia of a virulent isolate of F, 
solani {. sp. phaseoli at rates of 500. 100. 50. 10. and 
5 spores per 100 g of soil. Fifty Red Kidney bean 
seeds were planted in each of 5 replicate flats of soil 
at each inoculum level, and the resulting plants were 
examined after 6 weeks for evidence of infection. 

Resuits.—-Fig. 1 shows that the number of plants 
infected decreased markedly when inoculum level was 
less than 100 spores per 100 g of soil. The linear re- 
gression of the line of the 3 central points was de- 
rived, and, by extrapolation, 100°. infection should 
occur at an inoculum level of 500 spores per 100 g of 
soil and no infection should occur below 5 spores per 
100 g of soil. 

The results of the field study are tabulated in Table 
1 on the basis of the crop preceding beans, and in 
Table 2 on reot rot severity. The results obtained in 
the greenhouse experiment are presented in Table 3. 
In the field study the RRI was significantly lower for 
beans after wheat than for beans after any other crop. 
In the greenhouse experiment the RRI was noticeably 

















100—- . @———-@ EXPERIMENTAL VALUES 
7 
5 . + -—- UINE OF LINEAR REGRESSION 
“s a 
pa 80— \ 
kw 
< 
Ns 
z 6o—~ 
<a 
om | 
a 
kX 
° 40+ 
WW 
© 
<= 
— 
z 
w20-—- 
© 
i 
Ww ‘ 
a \ 
‘ 
2 i i s i 
T T T T T 
500 100 50 10 . 
NUMBER OF SPORES PER I0O GRAMS OF SOIL 
Fig. 1. Infection of Red Kidney bean plants grown in 


soil containing different inoculum concentrations of 


; r } ] 
Fusarium solani f. sp. phaseoli 


Sud  S 


Vol. 49 


rOlonies 
vilar t 
he rela. 
3 ratios 
| these 
(num. 


ind the 


S beep 
IONS of 


ite the 


t very 
ult in 
d soil 
of F. 
J and 
bean 
f soil 
were 
1. 
ants 
| was 
ir re- 
s de. 
10uld 
g of 


= per 


‘able 
d in 
d in 
le 3. 
for 
rop. 
ably 


ON 





in 


of 


September 1959 MALOY AND BLURKHOLDER: FUSARILM ROOT ROT OF BEAN 585 
Papie | The relation of the crop preceding beans to the Taste 2.._The relation of root rot severity to root rot 
root rot index, populations of Fusarium solani {. sp Fusarium and Pratylenchus populations and to the 
phaseoll, bacteria, and Pratylenchus spp.. and to the frequency of certain nutritional groups of bacteria 
frequency of certain nutritional groups of bacteria Root rot severity class 
Crop preceding beans Pes . Moderate : severe 
tRI < 56.0 RRI56.1-65.0 RRI 65.1 
Alfalfa 
Beans Cabbage clover Corn Wheat Years out of beans 2.7 29 1.6 
- : - Number root rot 
Number of helds 9 ‘ ‘ 5 4 Fusarium g of soil 1Y >4 7 
Years out of beans 0 1.9 47 1.0 L.3 Number Pratylen 
Root rot index OV 38 65 Ti 1 chus g of root 79 69 97 
Number of root rot Nutritional 1:2 0.85 0.71 0.79 
Fusariun of soil 4 0 21 1 44 Group 1:6 0.98 0.87 0.92 
Number Pratylenchus, ¢ Ratios* 2:6 1.14 22 1.20 
oft root 64 16 22 86 158 Number fields in 
Number bacteria g of each root rot class 3 15 1] 
soil (X 10°) 26 23 22 4 19 
Nutritional 1:2 0.64 0.78 0.64 O88 O87 Number 1 is the basal medium; 2 is the amino acid 
Group 1:6 0.82 0.98 0.71 1.00 0.86 medium: and 6 is the soil-extract medium 
Ratios 2:6 1.30 1.30 1.14 L140 60.93 


s The value Is LO when 2 tre Ids re ported to have been out 


f beans for over 15 vears are omitted from the mean 
Number 1 is the basal medium; 2 is the amino acid 
nedium: and 6 is the soil-extract medium 


lower following 3 treatments—alfalfa. red clover. and 
but the reduction was statistically significant 


sawdust 


only after alfalfa. and only at the 10 level of prob 
ability sa 

Table 1 shows that there were no extreme differences 
in the number of infection units of F. solani f. sp 
phaseoli in field soil following any of the various rota 
tion crops. There were noticeable, but not statistically 
significant, differences in populations of the bean root 
rot Fusarium in relation to root rot severity (Table 2) 
but there was no direct relationship mean population 
was lower in fields of severe root ret than in fields of 
moderate root rot, 

The populations of Pratylenchus spp. obtained from 
various exhibited pro 


following crops 


eal roots 
nounced differences with respect to cropping sequence 


ind reot rot severity, although individual samples 


varied so greatly that these differences were not 
statistically  siginfieant Pratylenchus populations 


were highest in beans following wheat in both field 


Tarte 3 The influence ot cropping or amending so or 
er ents 
( 
R_K N.203 
Be in be in 
R t index »4 > 
Plant appearance 2.4 2.2 


umber root rot Fusarium’g soil 19 25 


umber Pratylenchus/g root 67 8 


umber fun ge soil (x 10%) 283 245 


N 
N 
N 
Number dematiaceous fungi/g soil ( 10 1 
\ 7] 
N 
N 


imber actinomveetes g soil | 10 132 | 
umber bacteria/g soil | 10°) 19 | 
ional 1:2 0.5] 0.71] 
( up 1:6 0.6 0.86 
Rat Ss 2 -( 1 97 12 
Based on a scale of 1 to 5: 1 = very poor, 5 = excellent 


Nu nber 1 is the basal medium 


is the amino acid medi 


and greenhouse studies. In the field experiment a high 
mean population was present in beans following corn, 
but this was due entirely to a very high number recov- 


ered in 1 field. 


Pratylenchus spp. in bean roots were inversely related 


Table 2 shows that populations of 
to the severity of root ret. These results are reasonable 
since endo-parasitic nematodes, such as Pratylenchus, 
tend to move out of severely rotted tissues 

There were no marked differences in the numbers of 
bacteria in soil following any of the crops or amend- 
ments studied in either the field or greenhouse experi 
ments 

There were no significant differences in the nutri 
tional group ratios of bacteria in the field study, al 
indications of interrelationships 
with certain crops (Table 1). 
obtained between any of the ratios and root rot severity 


(Table 2) 


1:2 ratios were obtained after alfalfa. red clover. and 


though there were 


No relationship was 
In the greenhouse experiment the highest 


sawdust treatments. and it was observed that these 
treatments also resulted in the lowest root rot indices 
(Table 3). 

Plate counts of saprophytic fungi in soil in the 
vreenhouse experiment revealed some striking diffes 


ences among the various treatments. Populations were 


it rot severity, plant growth, ar d microbial populations in pot 


rop or organic amendment preceding beans 
Red 
Alfalfa I Wheat Manure Sawdust 
18 ] 9 *) 3 
fe 2.6 4 18 1.6 
i ( 10 25 10 
2 lf 130 ) l 
194 74 yf 160 253 
5 19 2 0 15 
227 166 144 162 70 
25 0) 23 24 16 
0.79 0.8] 0.62 0.62 0.74 
0.70 0.88 0.75 1.12 L107 
0.90 1.08 1.20 1.97 1.52 
im: and 6 is the soil-extract medium. 
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significantly higher af ilfalfa and wheat. and sig 
nificantly lower after manure treatment. The numbers 
of dematiaceous fung ostly Hormodendron spp 
developing ifter the I is treatments did not varv 
proportionally with cl nges in total numbers of hung 
in the respective trea Table ) Populations 
of actinomycetes we ficantly vher following 
ilfalfa. and lower afte iwdust treatment. than with 
continual bean cropp 

There was a decided trimental effeet on plant ap- 
pearance by ilfalf | im the creenhouse experi 
ment. wherea Dy vheat or amendments with 
sawdust or manure re lted in i plant ippedarance 
markedly superior te that of plants grown in soil 
repeatedly cropped with Red Kidney beans (Table 3) 


These differences could correlated with differ 


ences in soil content of N. P. or kK 





Three years Lippe e the minimum time that 
should elapse betwee! f crops on land where root 
rot may be a problen abo These data also show 
that rotation leneth h ts greatest effect in fields 
where root rot is severe d little or no effect in fields 
where root rot is moderate 

DISCUSSION The reduction of bean root rot severity 
that results fron rop rotation cannot be attributed 
entirely to a reduction | pathogen pop ilations in the 
soil, although the diffe bean root rot Fusarium 
populations in the gree ‘ e experiment were asso 
ciated with differ f ot severity Iwo possi 
ble explanations are that there is a change in the 
nature of the F. s nit. sy hase population in 
the soil. as suggested y Burkholder (2 or 2) that 
saprophytic orga vecome established on the 
necrotic tissue and intensity its decay. Very low popu 
lations of the bean root rot Fuss im may result in a 
high incidence of infection This is supperted by the 
fact that fungus develo] f fron i spore oncentra 
tion as low as | spore pe f soil will induce almost 
80°) infection, and that the average population in 75 
samples of field and t | was 22.3 fection 
units per gram of so 

The results of the field iv indicate that wheat is 
the crop preferred liately preced eans when 
reduction of bean root 1 everity is the primary ob 
pective No effect ! ! t rot severity was observed 
when wheat was included between bean crops at any 
point in a rotation excey mediately preceding the 
last bean crop. Wheat effect in the greenhouse 
experiment, but it sl e recognized that Oo ma 
ture plants or wheat straw were incorporated into the 
soil, as would be the =f the held 

No pronounced relationships were observed between 
nutritional groups of bactet nd root rot severity oF 


itthough some. rela- 


root rot Fusarium populations g 

tionships to crops were evident Che trends in root rot 
severitv suggested that w 1:2 ratio and a high 2:6 
ratio were associated wit severe root rot This would 


indicate that a proportionally igh population of 
amino-acid-requiring hacteria favored development ot 
root rot. This is not nsistent with the results of 
Hildebrand and West but it should be noted that 
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followed the 
and his associates in that each bacterial isolate was 


these workers procedure of Lochhead 


studied individually: in the present investigation, total 
colony counts on the various media were considered 
and expressed as ratios. 

especially Pratylenchys 


Plant-parasitic nematodes, 


spp.. appear to play little or no role in the root rot of 
bean. unless perhaps to open avenues for the entrance 
of saprophytic pathogens. This does not seem impor. 
tant since the most healthy appearing roots from the 
various fields usually harbored the greatest numbers 
of Pratylenchus spp. 

The total numbers of bacteria were not affected by 
the different treatments. This is in agreement with the 
work of Clark and Thom (3) and Rouatt and Loch 
(ist 


the soil and rhizosphere were unaffected by the in. 


head who showed that bacterial populations in 


corporation of various organic amendments. There 


was, however, a definite influence of crop on develop. 
ment of nutritional groups of bacteria. Fungi were the 


most responsive group to the Various Cropping = se. 


quenees, but it is surprising that the manure amend. 


ment resulted in a significant reduction of total fungus 


numbers The selective nature of this response is 


particularly apparent when one considers that the 


identifiable vroup. the dema 
total 


was observed on actino 


numbers of an fungus 


tiaceous fungi, varied independently of fungus 
numbers. Little or no effect 
mycete populations. 
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OATS SUSCEPTIBLE TO HELMINTHOSPORILM 


VICTORIAE AND VICTORIN ! 
L. R. Krupka ° 


StU VMEMARY 


Victorin, the toxin produced by Helmintho 
sportum victoriae, caused a marked increase in 
oxygen consumption of oat tissues susceptible to 
H. victoriae, but had no such effect on resistant 
varieties. Studies with respiratory inhibitors re 
vealed that a) 2.4-dinitrophenol, an uncoupler of 
oxidative phosphorylation, had no effect on suscepti 
ble oat tissue pretreated 4 hours with victorin; b) 
sodium fluoride, an inhibitor of glycolysis, reduced 
the high respiratory level of victorin-treated plants 
below that of the untreated control: « sodium 


diethyldithiocarbamate and phenylthiourea, two in 


hibitors of copper-containing enzymes, had a great 
er effect on victorin-treated tissues than on controls 
whereas malonic acid, a Krebs cycle inhibitor, had 
the reverse effect. Studies of terminal oxidase 
activity indicated that ascorbic acid oxidase activity 
was 2—+-fold greater in homogenates of victorin- 
treated susceptible oat tissues than in those from 
victorin-treated resistant or untreated susceptible 
plants. Spectrophotometric determinations, with 
the indicator 2.6-dichlorophenolindophenol, showed 

as much ascorbic acid in victorin-treated sus- 
ceptible tissue as in untreated controls 





Phe toxin theory of plant disease has gained consid 
erable prominence in the last decade. Disease symp 
toms. as well as plant defense reactions. have been at 
tributed to some sort of interference on the part of 
pathogens with the normal metabolism and growth of 
the host. This interference has been attributed to 
toxic metabolites produced by the pathogen. Evidence 
in support of the toxin theory, although in many cases 
highly suggestive, remains inconclusive. If the symp- 
toms of a diseased plant result from the direct action 
of a toxin produced by the pathogen involved. certain 
behavioral properties should be manifested 

1) The toxin should act specifically on hosts sus 
t ptible to the 'D ithogen: 

2) The toxin should produce all symptoms char 
teristic of naturally infected plants: and 

There should be a direct correlation between 
toxin production in vitro and pathogenicity of the cul 
Ire in vivo 
Studies with victorin, the toxin produced by Hel 
Meehan & 
clearly shown that these three requirements have been 
fulfilled (10 


victorin produces a specific respiratory effect on oat 


nthosporium Murphy. have 


rictoriae 


Romanko (13) has further shown that 


irieties susceptible to H. victoriae. Since increased 
respiration is a characteristic feature of diseased plant 


tissue, this finding adds further support to the exten 
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sive evidence indicating that victorin is primarily, if 
not solely, responsible for the Victoria blight syn 
drome. Since, with victorin, the investigator can meas- 
ure the respiratory activity of the host without the 
respiratory interference of the pathogen, this toxin 
provides a useful biochemical tool. In the present 
study an attempt has been made to determine the 
mechanism responsible for the respiratory increase in 


victorin-treated oats susceptible to H. victoriae. 


MATERIALS AND METHODS. Test plants and pretreat 


ment with victorin. All experimental plants used were 


oats of Victorgrain 48-93 
susceptible to H. victoriae, and Camellia, a resistant 


a variety of Victoria lineage 
variety of Bond derivation. Throughout this paper th 
terms susceptible and resistant will be used to indicate 
reactions to both H. victoriae and to victorin, the toxin 
produced by this fungus. Plants grown in the green 
house in 10-in. pots were usually harvested at the age 
of 30 davs. by cutting the culm at ground level and 
transferring the basal portion of the stem to a beaker 
of water The cuttings were then brought to the 
laboratory. the stems recut under water, and placed 
for 4 hours in test tubes containing a standard solution 
of victorin. The procedure for obtaining victorin trom 
ultures of H. victoriae has already been described in 
letail by Luke and Wheeler (10). In all tests, unless 
otherwise specified, the standard victorin solution was 
prepared by diluting the original crude filtrate (ae 
fortvfold 


tivity about 300 units ml During exposure 


to victorin, the plants were illuminated by a frosted 


Appreciation is expressed to Mr. S. J. Hadden, Coker’s 
Hartsville, South Carolina, for supply 


sats of some of the varieties used 


Pedigreed Seed Co 





26 ey Op ae 








388 PHYTOPATHOLOGY | Vol. 49 
100-watt bulb 18 in. from the plants ml of a homegenate prepared in MW 20 phosphate 

Preparation of tissue and determination of respi- buffer at pH 7.0 was placed in the main compartmen 
eatory activity Following pretreatment with victorin, of a Warburg flask. One-half ml each of 2x104¥ 


the second ind or third te irom the hase oft the ( ilm 


was removed, the midve excised, and the tissue cut 
into sections about 4 i) mi About Lo0O mg (fresh 
wt.) of this sectioned t e was used in each Warburg 
vessel In certain test respiratory inhibitors were 
vacuum infiltrated int e tissue by mmersing the 
oat leaves in the ppropriate solutions, and infiltrating 
for ten-minute periods ! i vacuum desiccator at 
tached to a water suction pump The tissue was then 
removed, blotted. cut f segments weighed. and 
placed in Warburg flasks ontaining the same solu- 
tions with which the ti e had been previously vacuum 
infiltrated 

Oxygen consumptio ind carbon dioxide production 


were determined with the direct and indirect methods 


detail by Umbreit. Burris. and Stauffer 


de scribed ii 
(17) A] tests were carried out at 25 ( with duplic ate 


flasks for all treatments and air as the gas phase. The 
center well of flasks wi h oxygen uptake determina- 
tions were made received a piece of folded filter papet 
weighing 0.03 ind 0.2 lot 20 KOH The tissue 
sections were placed the large well containing 
20 ml of a 002M ose solution in W/20 phos 


phate buffer at pH 5.8. The first manometer readings 
were recorded after a 1O-15 minute equilibration 
period, and subsequent readings were taken at in- 


VManometer level 


changes were then converted to microliters of gas per 


tervals of 15. 30. or 60 minutes 


gram of fresh (wet) we ht of tissue Previous studies 
(13) have shown tl ! witl the tissues used resp 
ratory patterns are similar when calculations are 
made on a dry-weight basis 

Preparation of hon gene S “ne ererminattor of 
enzymatic activity Oat homogenates were prepared 
in a standardized manner Five-gram samples of 


harvested leaf tissue were 
Waring Blendor to which 50 ml of a phosphate buffer 
of appropriate pH had been added. Dry ice was placed 


placed in a semimicro 


in a cardboard jacket surrounding the base of the 
Blendor to prevent enzy: ictivation, and the prepa- 
ration homogenized for 2 minutes The resulting 
homogenate. strained through 4 lavers of cheesecloth 
in order to remove the large tissue fragments. was 


then placed in Warburg flasks. Microscopical examina- 


tion of homogenates after through cheese 


passage 
cloth revealed few to no intact cells Preliminary 
experiments also revealed no endogenous oxvgen con 
sumption by the strained homogenates 

For tests of ascorbie a oxidation, 2.0-ml aliquots 
of homogenate prepared in VW 20 phosphate buffer 
(pH 5.8) and 0.5 ml of 0.25. ascorbie acid. adjusted 
to pH 5.8 with NaOH, were added to the main com. 
partment and side arm. respectively. of a Warburg 
flask. Tyrosinase activity was assayed by pipetting 
2.0 ml of homogenate prepared in MV 20 phosphate 
buffer (pH 5.8) into the main compartment. and 0.5 
ml of 0.12 catechol adjusted to pH 5.8 into the side 


arm In testing for cytochrome oxidase activity 2 0 


eytochrome C and 0.5 ml of 0.12M p-phenvlenediamine 
neutralized to pH 7.0 with HCI were pipetted into 
separate side arms of the same vessels. Following 
equilibration, the contents of both side arms were 
tipped into the homogenates and oxygen consumption 
measured. Correction was made for the oxidation of 
p-phenylenediamine in the absence of cytochrome € 

Catalase activity in germinated oats was determined 
manometrically by measuring the evolution of oxygen 
in the presence of H.O.. Six oat seedlings were 
husked. and homogenized for 1 minute in 5.0 ml of 
Ve 20 phosphate buffer (pH 7) with a chilled mortar 
and pestle. The homogenate was then strained through 
t layers of cheesecloth, and % ml of the resulting 
preparation was pipetted into the side arm. — After 
equilibration, the contents of the side arm were tipped 
into the main compartment, which contained 3.0 ml 
of a 0.01M phosphate buffer (pH 7.0) and 0.2 ml of 
0.217 H.O.. Readings were taken at 1-minute intervals 
for 5 minutes, 

Peroxidase activity was determined colorimetrically 
by measuring the oxidation of pyrogallol to purpurogal- 
lin in the presence of H.O.. with slight modifications 
of the methods of Stutz (16) and Gentile and Naylor 
(3). Oats were homogenized in 10 ml of 0.4M phos 
phate buffer (pH 6.3) and then” strained through 
cheesecloth. Two ml of freshly prepared 0.5 pyrogal- 
lol solution were added to the homogenate, which was 
placed in colorimetric tubes. One-half ml of 0.06% 
HO. was then added at zero time. The per cent 
transmission at 420 my gave the relative amount of 
purpurogallin formed by the peroxidase. 

fscorbic acid analyses——-The reduced form of as 
corbic acid was determined  spectrophotometrically 
with the indicator 2.6-dichlorophenolindophenol. ac- 
cording to the method of Morell (12). 


Restuits._-The influence of victorin on the respira- 
tion of whole tissue.—Fig. 1 typifies the respiratory 
response to victorin by resistant and susceptible tissue 
after exposure to the standard victorin solution. Sus: 
ceptible tissue pretreated with victorin showed about 
a 100°) increase in oxygen consumption in comparison 
with untreated resistant and susceptible control tis 
sues. The slightly depressed respiratory rate in tissue 
from victorin-treated resistant plants indicates that 
culture filtrates containing victorin also have a definite, 
though opposite and transient. effect on resistant 
plants. The results shown in Fig. 1 confirm those of 
Romanko (13) and are typical of many similar tests 
carried out during the fall and winter months. In 
these tests. the respiratory rate of susceptible tissues 
exposed to victorin at the standard dilution was 2 or 
more times that of the untreated controls. However, 
in one group of experiments, conducted in the sum- 
mer, respiratory increases were much smaller (20- 
10°; above that of the controls). Temperatures much 
above those favorable for oat growth prevailed during 


this period and may have been responsible for these 
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It In any case, many factors undoubtedly in- plotted on a nonaccumulative basis. The rate of 
Os results. . 7 ? E rs 
osphate eR he ability of susceptible tissues to respond to oxygen consumption was directly dependent on the con- 
artment fluence the % 


is the age o » plants. as ‘ntration of toxin administered. Tissues treated with 
<104y victorin. One such factor is the age of the plants. a ce on o 





























































in Fig. 2 show. The respiratory rate of un the 2 lowest concentrations of victorin (1000- and 
liamine the data 1 ~ aa } le fil ») decreased in 
treated 85-day-old plants was lower than that of 30- 10.000-fold dilutions of crude filtrate decreased it 
. Pe. si id plants, and the response of the older plants respiratory rate between the third and fourth hour 
— na victorin was also less marked than that of the readings, to near the control level. On the other hand. 
> Wer , : an the large increase caused by the standard (40-fold) 
im ption — > e ‘to s ned throughout the 
Cuttings of susceptible plants were exposed to vari- dilution of victorin was maintain g 
t uttings of =I ; 
re meentrations of victorin, and the respiration period of the experiment. Romanko’s results with 
a tat 1. Fig. 3 shows the results of this experiment victorin at a concentration equal to 100-fold dilution 
rmine measured, 
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ich tible tissues. 3) Increase in respiratory rate as a function of victorin concentration: control (1), syyees-e a 
2), 1000-feld dilution (3). and 40-fold dilution (4) of culture filtrate 1) Response ol susceptible seedlings to ie 
addition of undiluted culture filtrate 
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] ABLE. | The respira ‘ i OG, nar 2 esh weight TABLE ,. The effect of 10m V Nak on the re Spiration oi 
b) , tio 

of suscept Pe see after exposure to ctorin tor resistant and suscepuuble tissues pretreated with vic. 
W minute torin da 
ral 
Hours after treatment ul O. hr/g fresh weight % lo 


Treatment 2 ; } Variety Treatments No Nak Nak inhibitiog at 


Victorin (undiluted 209 2h S64 Susceptible Victorin 359 134 63 
Victorin (diluted 10-fold 203 262 2 32 Susceptible Control 176 63 64 mi 
Water control lf 188 199 210 Resistant V ictorin 109 8 65 va 
Resistant Control 102 32 69 pl 
pl 
of the crude filtrate “ed thie resent study indicated ; 
' tia" : to James (4), no specific inhibitors are presenth in 
that a high respiratory le was maintained tor Q) 
pote “si r known that will act on a single enzyme However 
ours In susceptible cuttings, after which the rate fe . 
: | s there are a number of substances that will react pref. 
(| >} In view ot the data in | iv ) the dur ition of . r iat 
erentially with particular enzyme groupings. The 
this high respiratory plateau would undoubtedly — be | 
phosphoglyceric acid phosphopyruvie acid reaction 
dependent on the oncentration of toxin administeres 
| nae in glycolysis has been shown to be inhibited by sodium 


» addition of to t the standard « itio oO 
Phe id 1] t inda lil nt fluoride (Nak ). 


Suse eptible leaf tissues were vacuum. 


scetihgsyge’ oat ; J os | ej — gh infiltrated with lOmM Nak dissolved in 1 20M phos 

phate buffer at pH 5. Tissues were obtained from 36. 
produce — raditi emect sy om respiratory rat day old cuttings that had been exposed for | hours te 
during a ——. eoneee NOC SHCRSUFEMENS WEN the standard dilution of victorin Iwo controls were 
made \ an oe On MigNt DE tne failure of utilized victorin-treated tissue in a buffer lac king 
yeeros SF OEONe Sey if rapidly On the other Nak, and susceptible tissue not exposed to victorin 
hand, it is also possibl it the tissue was incapable Fig. 5 shows that the action of Nak reduced respira. 


of further response 
1 | tion of victorin-treated plants below the level oft the 


W060. SGM WET WT. 


lhe influence of ‘ on the respiration of seed untreated control. The average per cent. inhibitior 
ings.—Susceptible seedlings that had been incubated — for the 2-hour period under study was essentially the _ 
1) hours in a moist chamber at 22°C were selected fon same for susceptible victorin-treated and susceptible 
primary reot uniformity and utilized in the following control tissues (see Table 3) The data in Table 
experiments. Fig. 4 shows a small but immediate re further show that the per cent inhibition induced by 
sponse upon Upping in U nl of crude culture filtrate Nak was about the same in resistant and susceptibk 
(crude victorin) 01 ceptible oat seedlings \fter tissues, regardless of pretreatment with victorin. 
2'9 hours, oxygen consumption of the victorin-treated Several tests were carried out with 2.4-dinitrophenol, 
seedlings was 86 thove that of the control. In a in uneoupler of phosphorylation from oxidation. Fig 
second test, susceptible seedlings were exposed for 30 6 shows that susceptible oat cuttings that had been ex: 
minutes to either crude victorin, crude victorin diluted posed for 4 hours to victorin at the standard dilutior 
l0-fold in water / water control, after which all failed to respond to DNP of a concentration of 10°M 
were washed in tap water and transferred to Warburg On the other hand. 2 hours after DNP was tipped it 
vessels containit phosphate buffer at pH 5 Phe on untreated tissues, the rate of oxygen consumption 
results (Table 1) repeat the respiratory pattern of the rose to a value of 82°, higher than that of the control a 
preceding test 1 ine fe that victorin: enters seed Results have been similar net only with oats artificially 3 
ling root tissue very rapidly. Further evidence of the infected with H. vietoriae but with other diseased 
rapid entry of eto e fact that susceptible plants (19). 


seedlings dipped lori a » | nutes and The effect ot DNP on. tissue that had previously 


sal eee ee , = 
vashed immediately r fan rvive shown a high level or respiratory activity as the result 


> 
Respiratory q rh reel vietorin of treatment with victorin was determined after the 


SEAL Wer 


on the R.Q respiratory quotient) of susceptible tis respiration of such tissue had finally fallen to a level 
sues was determined Fable 2 summarizes the results below that of the controls Oxygen consumption of al 
obtained from 5 tests 0-day-old cuttings reat susceptible plant tissues exposed to victorin for 2¢ > 
ment with victor Hd ppreciably alter the control hours was about 14 that of untreated controls. DNP 
R.O (about in quantities sufhcient to give an ultimate concentra a 


The infl ne ) nhibiut § \ccordime 
laste 4.—The effect of DNP (10 ''M) on susceptible tissues 


Parut The eff — eae pretreated with victorin for 26 hours: DNP added 
; atter first hour 
5 ae ul O. hr e@ fresh weight 
CO, pre Hours 
Treatment () uptah fuctior R () Treatments l 2 “oe increase 
Victorin (dilute 10)-{ 623 5 95 Victorin +3 O06 100 
Control Pio Zt Q7 Control 142 22] 39 
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‘WM was then tipped onto both tissues. Phe 
1 demonstrate that, although the respi- 
extremely 


thon ot 10 
data in Table 


ratory level ot victorin-treated tissue was 

low the tissue nevertheless reacted to the uncoupling 

action of DNP 

Other respirator) inhibitor studies.—Table 5 sum 
results obtained in several tests with 


narizes the : 
various respiratory inhibitors. Cuttings ot susceptible 
ts were exposed to victorin for 4 hours, and sam- 


plan 
then vacuum-infiltrated with the 


ples ot tissues were 


After vacuum sodium 


nhibiters infiltration with 
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toriae-infected plants 
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diethvidithiocarbamate (Dieca), the tssue sections 


were floated for 1 hour on Dieca solutions freshly pre- 
pared every 15 minutes. Inhibition was greatest with 
sodium azide, and absent with thiourea. Toxin-treated 
tissues responded to these two inhibitors in essentially 


the same manner as did the controls. On the other 


hand, phenylthiourea and Dieca were much more in- 











hibitery to toxin-treated tissues than to controls, 
whereas the reverse was true with malonic ac id The 
significance of these results is dis ussed in a later 
paragraph. 
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during which victori Hd ot induce large nereases in 
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se 
Pasie 5.—The eff piratory inhibitors on susceptuotle oxygen consumption in sus¢ eptible plants. 
ae ol pal tae a vuth victor The cytochrome oxidase activity of homogenap pe 
ae lI RR from susceptible plants. measured 12 hours after » ‘ 
Sees “aaa initial 4-hour pretreatment with victorin, remaine P 
s essentially the same as controls. ™ 
> Catalase and peroxidase assays were carried out 9 wi 
\ Con- Vie Con homogenates prepared from susceptible seedling oa, nm 
lreatments ts torin t torin trol Differences in activity of these enzymes were not foup 
Sodium azide. 10° or Pt 80.92 an 85 is a result of exposure for 12 hours to victorin (ery 
Thiourea. 10°V 0 0 0 0 filtrate diluted 10-fold) tr 
Phenylthiourea, 10 °V | 0 y 0 ; 
” Diethvidithiocarba DISCUSSION. The data obtained from the whol F 
cid, 2 low 6 14 65.69 8-20 tissue experiments show a = striking increase in th 
Malonie acid, 10°V lI 4 6-16 98 ~~ respiratory rate of both susceptible leaf and seedling , 
tissues after exposure to victorin. Fig. 3° shows thy 
Influence of fori n enzymatic activit \ sur the respiratory rate is dependent on the concentratio 
, vey of the literature reveals that the enzymatic activity of toxin administered. It would be of interest to know . 
of plant tissues is altered as a result of disease (2. 7 if tissues treated with toxin at the 1LOO0- and 10,00 
8, 14) These report though primarily concerned fold dilutions of crude filtrate, which had approached . 
with terminal oxidases, have also discussed alterations the control level in respiratory rate. would again shoy 
in catalase and peroxidase activity. Because of these a burst in respiration if an additional supply of vi 
reports, it seemed desirable to investigate the effect torin were added. 
of victorin «or irio enzymes tound in susceptible The results with the respiratory inhibitor ~odiun 
oats Huoride suggest that 1) a considerable portion of the 
Data shown in ible 6 demonstrate that ascorbic high level of respiration induced by victorin is medi 
wid oxidation, measured 12 hours after an initial 4- ated through a Nak-sensitive pathway. probably the 
hour pretreatment with victorin (crude filtrate diluted Embden-Meverhof glycolytic system: and 2) the re 
W-fold), was about 4 times as great in homogenates — spiratory increase is probably not related to the hexos 
from susceptible victorin-treated tissues than in’ un monophosphate pathway (HMP). an alternate meta 
treated controls. In repeated tests. ascorbic acid oxida bolic system that is highly insensitive to NaF inhib 
tion was increased 2—4 times over the control values by tion (1, 15). The possibilities that resistant plants 
treatment with victorin. No such increases were ob normally operate on the HMP or that the HMP comes 
tained in similar test irried out with resistant tissues into operation in resistant plants as a result of treat 
The addition of victo crude filtrate diluted 10-fold ) ment with victorin were also considered as mechanisms 
” to a homogenate of susceptible tissue did not increase that might account for resistance to the toxic action of 
iscorbic acid oxidatio However. Fig. 7 shows that victorin. However, these possibilities were discounted 
the rate of ascorbi 1 oxidation in homogenates by the fact that no differences in NaF sensitivity were 
from plants artif fected with H ctoriae was found when resistant and susceptible tissues. bot! 
nearly twice that found ininfected controls This toxin-treated and untreated. were compared (Table 3 
provides turther evidence that the responses of suscep It should be emphasized that the results with NaF. as 
tible tissues elicited torin are closely paralleled well as those with other inhibitors. are useful chiefly 
by those incites nfected by the pathogen to indicate the direction of further research Unt 
itself supported by other lines of evidence. they cannot elin 
Since ascort ! t nmediate substrate of as inate any of the possibilities discussed, 
corbic acid oxidase. it was decided determine the The results obtained (Fig. 6) from treatment wit! 
effect of victorin o rho id content of suscep DNP indicate that this substance did not cause a 
tible oats. | 8 she that. in susceptible plants ex burst in oxygen consumption in. victorin-treated tis 
posed to victorin { ' ours and the iscorbie acid sues: whereas. in control tissues the increase in oxvget 
content measured iter, the ascorbie acid uptake was sharp Uritani. Akazawa. and UL ritan 
level had deere nul that of the untreated 19 working with sweet potatoes inter ted wit! 
tissues Ceratostomella fimbriata. observed that the increase ol 
The results several tests revealed that respiration caused by DNP was much smaller in dis 
itechol wus vid \ omogenates tror suscep 
tible or resist ether prepared rom Vi PaBpLe 6 Increase n ascorbic-acid oxidation of homoge 
torin-treated ot ted plants. This indicated nates from susceptible oat plants treated with 
| . ' forin: as orb acid fipped y atter first halt hour 
hat the enzyme vro ist Was either ipbsent or in 
1ctive Homogenates epared trom plants that had id O. hr @ fresh weight 
ilready gon to the wilting phase as a result of ae 
toxin treatment o tailed to reveal tyrosinase activity lreatments l 2 
in all but one experiment Chis exception, howevel \ - ~10 =09 
} , | ) etorin 
was a test carried or mn midsummer, the same period apne Q 145 128 
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ased than in healthy control tissue. Results of this 


nature. however, cannot distinguish whether victorin 


. working in the uncoupling 


same manner as DNP 
the oxidative phosphorylation of the host tissue) or 


are responsible for the at 


whethet other processes 


ented respiration 


Sedium azide was found to decrease respiration 


} arkedls in 


hoth susceptible victorin-treated and con 


Since sodium azide is primarily an in 


tissues 


ibitoer of metal-containing oxidases, these results in 


jicate that a flavoprotein enzyme is not important in 


e terminal oxidation of the tissues under investiga 


effect of malonic acid is the com 


inhibition of sueccini 


The primary 


etitive dehydrogenase, with 


iMfinitv ratio of about 50:1 in favor of the maloni 


iid } Phe 


interprete d as 


occurrence of malonic-acid inhibition 


indicative of tricarboxvli 


as been 


d activity \ ictorin-treated susceptible tissue was 
ich less sensitive to malonic acid than was untreated 


tissue This is interesting in view of the fact that 


Kiraly (2). studying the 
and powdery 


Farkas and respiration ol 


heat infected with stem rust mildew 


infected leaves was 


than that of 


ted that the respiration of 


} 


ih more resistant to malonic acid 
ealthy tissue 

Dieca significantly decreased the activity 
Dies a 


opper enzymes from cytochrome 


respiratory 


by victorin. chelates copper, distin 


duced 
ishing the oxidase 


} 


Thiourea and phenylthiourea also inhibit the cop 
Although inhibition 


per-containing terminal oxidases. 
was not obtained with thiourea, the results with pheny]| 


thiourea, coupled with the Dieca inhibition, indicat: 


ctivation of a copper enzyme in victorin-treated sus 


eptible tissue This evidence. along with the finding 


it tvrosinase was not active in healthy or victorin 


} l | 


eated susceptible tissues. suggests that ascorbic acid 
Nidase Is the enzyme undergoing activation Further- 
re. augmented respiration and increased ascorbic 


d oxidation were found only in victorin-treated sus 


eptible tissues. and. at the same time. ascorbic acid. 


the substrate tor ascorbic acid oxidase. decreased to 


bout the level in control tissues (Fig. 1. 8: 


Table h 
Kiraly and Farkas (7) stressed the role ot ascorbic 
d oxidase in the parasitically increased respiration 


With the use of 


homogenates and in vivo. these investigators reported 


wheat respiratory inhibitors on 


lat the increase in respiratory rate paralleled the 


nerease in ascorbic acid oxidase activity. indicating a 


causal relationship between these two processes They 


believed that the major role of iron catalysis in healthy 


nlan? . 
plants was replaced by copper catalysis in infected 


assumed that cyto 


hreme oxidase serves as the major terminal oxidase 
n healthy plants. evidence for cytochrome oxidase ai 
tivity in older plant tissues is not extensive. Further 


more. it has been reported that. in healthy barley 


roots. there is a substitution oft Cu Cu catalysis 
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catalysis (5). In addition, ac- 


for Fe ke 
cording to James and Cragg (6) and Waygood (20), 
Mapson 
that, although 


ascorbic oxidase predominates in cereals 


stated 
that cytochrome oxidase is generally 


(ll). in a recent review. most 


observers agree 
the major terminal oxidase in plants, present evidence 
does not exclude the possibility that, in tissues at dif- 
ferent stages of development or under certain environ 
mental or pathological conditions, part of the respira- 
thon may he mediated by wav of ascorbic ac id oxidase 
It therefore seems probable that ascorbic acid oxidase, 
oxidase or 


Kiraly 


is activated in susceptible oats by 


whether present as the major terminal 


present in an inactive state, as suggested by 
and Farkas (7). 


treatment with victorin. 


Other enzymes. such as cytochrome oxidase, tvrosi- 


nase, catalase. and peroxidase. have also been reported 
in activity as a result of plant disease. Ac 
Akazawa (18). 


of alteration and 


to increase 
cording to Uritani and Rubin's group 


in Russia has advanced the theory 
activation of specihe respiratory responses in plants as 
i result of their studies on host-parasite relationships 
Potatoes infected with Phytophthora infestans showed 
Sanwal (14) dem- 


an increase in tyrosinase activity 


onstrated that. in certain regions in tomato plants 
that had been infected for three weeks with Fusarium 
vcopersict, the polyphenol oxidase activity was twice 
that of controls. 

also involves the 
acid (DHA) 
acid The concentration of DHA is 


or less of the total ascorbic 


The action of ascorbic acid oxidase 


formation of dehydroascorbic from as 
corbi usually 
small. on the order of 5! 
(11) Since the 


most of its 


acid content plant cell normally 


maintains iscorbie acid in the reduced 


state. a disturbance of this balance might cause a 
rapid conversion of ascorbic acid to DHA, a substance 


Mapson listed 


substance es 


reported to be toxic to certain enzymes 


i) mechanical damage. b) the action of 


causing cellular disorganization. and c) the action 


of specific enzymatic poisons as such possible disturb- 
that victorin causes cell 


ing tactors. If we assume 


disorganization and allows the ascorbie acid oxidase 


to come into more effective contact with its substrate 
the result would be the increased oxidation that has 
Furthermore. the oxidation of ascorbic 


oxidation 


heen observed. 
acid to DHA is associated with phosphorylation. 
phosphorylation coupled to ascorbic acid 


can be uncoupled by DNP (9 


ne reased 


Victorin may act in 


i similar manner. causing respiration by 
uncoupling 

There are several possible alternatives by means of 
increase ob 


a speed- 


which one may explain the respiratory 
served in susceptible plants treated with victorin 
respiratory increase might be the result of 1) 
up of the respiratory pathway normally in operation 
in healthy oats (perhaps by uncoupling). 2) a major 
change in the metabolic pathway. or 3) a combination 
of the two. Present information is not sufficiently ex 
exact 


The 


howe ver. 


tensive to justify firm conclusions as to the 


increase encountered 


inhibitor 


nature of the respiratory 


enzymatic and respiratory studies, 
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THE NATURE AND FUNGITOXNICITY OF AN AMINO ACID ADDITION 
PRODLCT OF CHLOROGENIC ACID ! 
tS. Clark J. Rue R. EB. Henze’ F. W. Quackenbush * 
st MMARY 
An amino a dition product of chlorogent nine, tryptophane. tyrosine. and valine. Coupled 
acid shown to be present in extracts of white potato with the breakdown of the addition product is a 
peel (Solanum tuberosum | var. Russet and marked decrease in the inhibitory activity of. its 
Netted-Gem) is highly texie to Race 1 of Hel- solution toward H. carbonum. Quinone formation, 
minthosporiun rhonum (pon standing in as measured by the potassium iodide-starch test. is 
aqueous or alcoholic solutions the addition product evident in 72 hours in aqueous or alcoholic solu- 
vields chlorogenic acid, caffeic acid, and 8 nin- tions of the addition product kept at pH 4.0—4.5. 
hvdrin-reacting substances. 6 identified chroma and in 10 minutes when the solution is at pH 5.5 
tographically is oleucine methionine phenylala- wr higher, 
INTRODUCTION Several workers have recently re tain sweet potato varieties to attack by Ceratostomella 
lated disease resistance in white potato (Solanun fimbriata (Ell. & Halst.) Elliot. Johnson and Schaal 
tuberosum | ind sweet potato (I pon oea_ batatas (2) correlated the presence ot chlorogenic acid in the 
Lam.) to the presence of chlorogenic and caffeic acid peel of white potato tubers with resistance to Strepto- 
| ritanl and co-workers 8 suggested the prod It’- myces scabies { Phaxt. ) W aks. & Henri i. Kuec et al 
tion of chloroge nik icid and otl eT calle 1¢ 1¢ id de riva ‘a, }. >) showed chlorogeni and caffeic acid in the 
tives asa possible mechanism for the resistance of cet peel of white potato tubers to be associated with their 
immunity to attack by various fungi nonpathogenic to 
Accepted for publication March 30, 1959 potatoes. The authors also indicated that peeled tuber 
—F paper | 1384 of the Agricultural Experiment tissue was capable of producing fungitoxic compounds 
Station, ilavette ndial . . . 
: ade a : as a response to inoculation with various fungi. Chloro- 
All of Purdue Univers Lafavett Indiana. Respes 
sively. Craduste Student. Assistant Professor. and Professor genic and caffeic acid were identified as two of the 
Now at American Cl il Society. Washington. D. ¢ fungitoxic compounds produced. Schaal and Johnson 
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6) reported autoxidation produc ts of chlorogenic and 
caffeic acid to be more inhibitory than the parent 
phenols to the growth in vitro of S. scabies. 

Kuc et al (4) indicated that chlorogenic and caffeic 
acid isolated from extracts of potato peel or inocu 
lated pulp tissue could not account for all the in 


hibitory activity of these extracts. The present investi- 


gation Was conducted to determine whether othe 
fungitoxk compounds are present in extracts of potato 
peel. 

MATERIALS AND 
peel extracts. For the experiments, ldaho-grown po 


Netted-Gem. were 


METHODs. Preparat on ot potato 


tato tubers. varieties Russet and 
washed with detergent and tap water and rinsed with 
distilled water. Peel tissue. about 0.3 mm thick, was 
weighed. and cut into boiling 95 


hen removed. , 
ot peel per 1200 ml of alcohol) After 


sleohol (100 
being boiled for 3 minutes, the tissue and solution 
Blendor and the 


werated 5 minutes. The resulting macerated ma 


were placed in a Waring tissue 
terial was filtered through glass wool and the residue 
Ww ished with hot 956 alcohol (600 ml per 100 o peel 
tissue The filtrate and washings were combined and 


encentrated to 200 ml under reduced pressure at a 


nperature ho higher than ai This solution Was 
centrifuged. and the supernatant was further concen 


trated to 40 ml on a rotary-type evaporator 


Separation of components. The final concentrate 
was streaked with a micro pipette on 8 18! j 231 2-1n 
sheets of Whatman No. 1 filtes papel! The papers 


were developed with I-butanol. acetic acid, and water 
1 
t | | VN 


ie developed 


as des ending solvent. After being dried 


papers were examined under ultra 
olet radiation. and fluorescent and non-fluorescent 
inds were marked on the paper. The Ry» values of 
hese bands are neted in Table 1 

The bands were cut from the marked papers, ind 


alcohol. The 


luates from bands of the same KR were combined and 


the components were eluated with 50‘ 


neentrated to 10 ml under reduced pressure. Five 
tenths of a ml of the concentrated eluate was spotted 
lard antibiotic assay disks. and the disks were 
Petri dishes containing potato-dextrose aga 


seeded with a heavy spore suspension ol Helmintho 


sportum carbonun Cultures were incubated 48 hours 
it room temperature. The fungitoxie activity of the 
and eluates was determined by the production of 


ilos or zones of inhibition around the assay disks. 


Examination of 


fluorescent components in hands 


1. The components of bands 2 and 4 were identi 
hed by their R,. values in |-butanol. acetic acid. and 
water ::i:I v/v), and in 71% alcohol as descending 


solvents: by their characteristic fluorescence unde1 


itraviolet radiation: by their ultraviolet absorption 


reaction to various chromato 
graphic spray reagents on Whatman No. | filter pape: 


Spray reagents emploved included: 10 


spectra: and bv their 


aqueous sod 


im nitrite in 10 acetic acid, sodium nitrite plus 
celic cid followed by 5 aqueous potassium hiv 
Iroxide I aqueous ferric chloride ammoniacal 


silver nitrate. and diazotized sulfanilie acid 


Examination of band 3.—The eluate of band 3 was 
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examined as described earlier for bands 2 and 4. When 
the band-3 eluate was rechromatographed with 1- 


(4:1:1 v/v), 


tinct fluorescent bands were evident under ultraviolet 


butanol, acetic acid, and water two dis- 


radiation in addition to the non-fluorescent band 3. 
The two fluorescent bands had the same Ry, values as 
bands 2 and }. 


These bands were eluted and the 


’ 


eluates examined as described earlier for bands 2 


ind I. 


two fluorescent bands were evident with the same Rp 


Band 3 was again chromatographed. and again 


value as bands 2 and | No Huorescent bands were 
evident after the fifth chromatographing of the band-3 
eluate 

Besides the fluorescent bands apparent after the re 
chromatographing of the band-3 eluate. 8 ninhydrin- 
reacting bands were evident. One had the same R, 
value as band 3. Band 3 on the chromatogram of the 
crude-peel extract gave a positive reaction with ninhy- 
rin 

\fter each chromatograming of the band-3 eluate. 
the inhibitory activity of the eluate was determined 
with antibiotic disks as described earlier 

The eluate of band 3 was tested for quinones with 
the potassium-iodide—starch test 

Examination of ninhydrin-reacting substances 
band 3.—The ninhvydrin-reacting sub- 
| 


formed from 
iromatographing of the band 
alcohol 


ind subjected to one-dimensional chromatography with 


stances formed upon re¢ 
} eluate were eluted from papers with 50 
acid, and water (4:1:1 v/v) and 


250:60:250 v/v). and 77° 


l-butanol, acetic 
alcohol as descending 
using 


solvents, and two-dimensional chromatography 


|) |-butanol. acetic acid, and water (4:1:1 v/v) and 
Spee: 


( 


2) 43 alcohol. The papers were also sprayed with 
chloroplatinic acid-iodide reagent for cysteine, cystine 
Rosenheim-Acre reagent for indole 


Millon’s reagent for 


and methionine: 


containing compounds: and 


phenolic compounds. It is interesting to note that the 


same pattern of ninhydrin-reacting substances was 
evident after each rechromatographing of the band-3 
eluate; however. after the third chromatographing, the 
As with 


the appearance of the two fluorescent bands. no ninhy- 


ninhvdrin-reacting substances appeared faint 


drin-reacting substances were evident after the fifth 
chromatographing of the band-3 eluate 

Inhibitory 
Table 1 illustrates the fluorescent and non-fluorescent 


RESULTS activity of band eluates 


hands evident under ultraviolet radiation after chro- 


} 


matography of the potato-peel extract. The Rp range 


of these bands and the ! 
eluates toward H. carbonum, as assayed by the disk 


also included in this table 


inhibitory properties of thei 


method. are 


Disks containing eluates of bands 3 and 4 all showed 


distinct zones of inhibition. the eluate of band 3 


; ; 


showing the highest activity ly ro tests with pota! 


dextrose broth ind the eluates indicated that t! « 


eluates of band 2 and 3 (corresponding to 100 g o 


potato peel per 50 ml of potato-dextrose broth!) com 


pletely inhibited the growth of H. carbonum, whereas 
the eluate of band 4 was only 14 as active. It appears 


+ 


iat slow diffusibility of the component in the eluate 








596 
J ABLE | The location t Huorescent and non-fluorescent 
hands on a chromatogram of potato-peel ¢ vlract, and 
the growth of H arbonum around disks contain 
ing the band eluate 
Diam 
(mm) of inhibition 
Band No Re Range luorescence zone © around disks 

] (8—1.0 none none 

2 4.78 blue-white trace 

} 3.54 none 25 

1 | > rile white 19 

5 10—.17 blue-green trace 

h 06.10 purple none 

7 0.0-.06 none trace 

Five tenths ml of the appropriate eluate, 10 ml of which 
Is equivalent to 100 ¢ of potato pee |. was added per stand 
ard antibiotic disk 

» Descending solvent butanol wetic acid, and water 
(4:1:1 v/v) 

All disks were placed potato-dextrose agar that had 
heen heavily seeded with a spore and mycelial suspension 
ot H carbonun 
of band 2 from the disk into the potato-dextrose aga 
limits its activity 

After 3 chromatographings and elutions of band 3. 


the resulting final eluate showed no growth-inhibitory 
activity toward H/ 


Identification of 


car bonum. 


, 
fluorescent components of bands 


? and 4.—The fluorescent components in bands 2 and 
t possessed the same respective Ry values in /-butanol. 


(4:1:1 v/v) 


and chlorogeni« 


and in 77% alco- 
The ultraviolet 


absorption spectra of band-2 and band-4 eluates were 


acetic acid. and water 


hol as did caffei acid, 
identical to those of caffeic and chlorogenic acid, and 
color reactions with the spray reagents were identical 
to those of caffei Caffeic acid 
and the eluate of band 2 appeared red-orange after 


and chlorogeni ac id. 


being sprayed with sodium nitrite in acetic acid. gray- 


green after 1° aqueous ferric chloride. gray-brown 


after ammoniacal silver nitrate. and orange-red after 
diazotized sulfanilic acid. Chlorogenic acid and the 
eluate of band 4 exhibited green fluorescence under 
ultraviolet radiation in the presence of ammonia, ap- 
peared red-orange after being sprayed with sodium 
nitrite in acetic acid followed by dilute potassium 
hydroxide, gray-green after 1° aqueous ferrie chlo- 


ride, gray-brown after ammoniacal silver nitrate. and 
orange-red after diazotized sulfanilic acid 

Identification of fluorescent components formed after 
Phe 
compounds formed upon rechromatographing of the 
band-3 caffeik 


genic acid, using the criteria listed above 


rechromatographing of hand ; eluate. fluorescent 


and chloro- 
The eluate 
of band 3. immediately after elution from the chroma- 
at pH 4.0. 


i quinone 


eluate were identified as 


togram of peel extract gave a negative or 


After 


quinone 


standing for 
test When 


the band-3 eluate was adjusted to pH 5.5 immediately 


weakly positive test for 


72 hours the eluate gave a strong 


after elution. a strong quinone test was evident in 10 
minutes. 

Spectral analysis of the band-3 eluate. The eluate 
of band 3 in 95% alcohol. immediately after elution 


from the chromatogram oft the peel extract. exhibited 
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absorption maxima in the ultraviolet. a major ab. 
sorption peak at 285 my O.D. .670, and a minor peak 
at 320 mp O.D. 455. The absorption minimum occurred 
at 305 mip O.D. .440. A period of standing changed 
the 24 the major 
absorption peak was at 330 my O.D. .620, and the 
minor at 300 mp O.D. .565, with the absorption mini- 
mum at 310 mp O.D. 490. Coupled with the shift of 
absorption maxima and minimum was a decrease jp 
the the H. car. 


bonum. 


maxima and minimum: at hours 


inhibitory activity of eluate toward 


Identification of ninhydrin-reacting compounds, 
Six of the 8 ninhydrin-reacting substances were identi. 
hed 


phane. tyrosine. and valine 


as isoleucine, methionine, phenylalanine. trypto. 
R, 


with 


by their values on 
the follow. 


77°, alcohol: /-butanol. acetic 


papers developed one-dimensionally 


ing descending solvents: 


acid. and water (4:1:1 v/v) and (250:60:250 v/v), 
shown in Table 2: and two-dimensionally with 1) L 
butanol. acetic acid. and water (4:1:1 v/v) and 2) 


Ti% identified chromato- 


The 


graphically as methionine gave a strong positive reac. 


alcohol. compound 
tion with the chloroplatinic-acid—iodide spray reagent; 
the 


gave a strong positive reaction with Millon’s reagent; 


one identified chromatographically as tyrosine 
and the compound identified as tryptophane gave a 
weak positive test with the Rosenheim-Acre reagent. 
The compound identified as phenylalanine and _re- 
agent phenylalanine both produced a turquoise color 
after being sprayed with ninhydrin. 


Discussion.—Chlorogeniec and caffeic acids are 


readily oxidized by various plant and microbial oxi- 
to 
The quinones of chlorogenic and 


dases to quinones, and hence water-insoluble 
melanin pigments. 
caffeic acid have been suggested (3. 6) as playing an 
important role in disease resistance: however, the ex- 
instability of structure in 
aqueous solution made the isolation and characteriza- 


Amino acid addition 


treme an orthoquinone 
tion of such quinones impossible. 
to the reactive centers on a benzene ring after oxida- 
tion of the ortho phenol to a quinone. could prevent 
polymerization of the quinone. The resulting addition 
product could be easily reduced or oxidized without 
melanin formation. The possibility also exists that the 
carboxyl group of the quinic acid may be the focal 


ante 2. The Re values of ninhydrin-reacting substances 
evident after rec hromatographing of the chlorogenic- 
acid addition product 


Descending solvent * 


Ninhydrin-reacting substance \ B c 
l Unidentified 05 
2 Unidentified 13 
3 Tyrosine 29 44 Al 
1 Tryptophane 36 56 4B 
5 Methionine 38 47 48 
6 Valine 15 48 60 
7 Phenylalanine A8 60 
8 Isoleucine 55 63 6 
\ l-butanol. acetic acid, and water (4:1:1 v/v); B 
l-butanol, acetic acid, and water (250:60:250 v/v); and 
( 71% alcohol. 


? 
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point for addition to an amino acid complex by means 
ot a peptide linkage. 

The amino-acid—chlorogenic-acid addition product 
is highly toxic to the growth of H. carbonum. This 
may be due in part to its ease of oxidation to the 
quinone, thereby upsetting the oxidation-reduction 
balance in the fungus, and in part to the inability of 
the fungus to detoxify the oxidation product readily by 
polymerization. 

It is possible that the production of phenols by plant 
tissues, either in their external protective tissue or as 
a response to fungus penetration, may also be accom- 
panied by the production of the corresponding phenol 
or quinone-amino acid addition products. The nature 
ef the amino acids and the phenolic constituent. their 
linkages, and their resulting oxidation-reduction and 
fungitoxic properties may be dependent on the plant 
tissue where they are produced and the nature of the 
fungus that incites their production. In many of our 
amino acid studies of infected host tissues, chlorogeni 
and caffeic acids have appeared in eluates from cation 
exchange resins along with amino acids. suggesting 
the decomposition ot chlorogenic or caffeic acid amino 
acid complexes. 

The exact nature of the amino-acid—chlorogenic-acid 
addition product found in extracts of potato peel is as 
yet unknown. Tyrosine, tryptophane, methionine. iso 
leucine, phenylalanine, and valine all appear present. 
The other two ninhydrin-reacting substances have not 
vet been identified, and they may be simple amino 
acids or oxidation products of the addition product. 

Chlorogenic-acid—amino-acid addition products may 


play a vital role not only in disease resistance mecha 
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nisms in plants but also as part of the hydrogen trans- 
fer system (1) and in protein synthesis. 
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VARIABILITY AMONG STRAINS OF NONCULTIVATED SPECIES OF AVENA 
FOR REACTION TO RACES OF THE CROWN RUST FUNGUS! 


M. D. Simons ~ 


st MMARY 





When 216 strains representing all the major non- which they were tested. Several other strains or 
cultivated species of Avena were tested in the green- groups of strains were resistant to most of the 12 
house for seedling reaction to various cultures of the cultures. A culture of race 264, regarded as having 
crown rust fungus. Puccinia coronata yar. avenae, a wide host range on cultivated varieties, did not 
and 87 of these strains were tested for reaction to differ significantly from the other races in host 
12 cultures chosen to represent a diversity of races, range on the noncultivated strains. Limited tests 
37 strains. distributed among 23 patterns of reac- of pure-line selections from the original seed stocks 
tion to the 12 cultures. showed some degree of re- indicated that additional types of resistance could 
sistance to at least 1 culture. One strain of A. probably be isolated without great difficulty. Field 
strigosa and | of A. abyssinica were resistant to all — testing over } years showed that some strains having 
12 cultures. These 2 strains were also resistant to — little or no resistance as seedlings in the green- 
all of a large number of additional cultures to house had a high degree of field resistance. 

Crown rust of oats, caused by Puccinia coronata mine the extent ef variability for reaction to certain 
Cda. var. avenae Fraser & Ledingham, is generally rec- races of the crown rust fungus among a fairly large 
ognized as the most serious disease of oats in the number of diploid, tetraploid. and noncultivated 
major oat-growin regions of the United States. The hexaploid species ot fvena. An abstract covering 
most practical and effective means of control is the — part of this work has been published (8). 
development of resistant varieties. In recent years the VIATERIALS AND METHODs. Two hundred and sixteen 
Landhafer variety. which was believed resistant to all strains of noncultivated species of Avena were tested. 
races of crown rust in North Ameri a has heen widely Ot these, 168 were furnished hy 1). J. Ward from 
used as a source of crown rust resistance However. the World Collection of Oats maintained by the Crops 
races otf crown Trust ittacking Landhafer were found Research Division ARS. U. 2. LD. \. Forty-seven 
in the United States and Canada in 1953 (7). Ex- strains were obtained from F. J. Zillinsky. Experi- 
tensive testing (9) failed to reveal any cultivated oats mental Farms Service. Canadian Department of Agri 
that had a satisfactory degree of seedling resistance to culture. One strain was obtained from J. H. W. Hol. 
these races \ number of lines of oats of diploid den. University of Durham, England. These strains in- 
species, however. were highly resistant Recent in cluded representatives of all the principal noncultivated 
vestigations (1. 13. 14) demonstrated that desirable = species of Avena. Twelve clearly distinct cultures of 
genes from diploid and tetraploid oats can probably crown rust were used. The 12 cultures represented 1] 
be transferred to cultivated hexaploid varieties races. 2 subraces of race 203 being used (Table 1) 

Investigators scattered over the world (2. 3. 6. 11) These races are typical of all the common and also 
have reported that diploid oat varieties have resistance all the most potentially destructive races of the crown 
to certain races of the crown rust fungus. However, TUst fungus known to exist in North America.  Test- 
few attempts have been made at comprehensive survey ing was conducted in the greenhouse over 4. vears, 
of the available strains of noncultivated species of The majority of the strains of wild oats were tested 


tion to the crown rust fungus. In one ! times in the second-leaf stage for reaction to most 


fvena for react 
of the crown rust races used. but. because of some 


such attempt Vavilov (10) studied the reactions of a B 
namber of strains of noncultivated species and found shortages of seed and rust cultures. only 87. strains 
that most strains were resistant but some were suscep- were tested for reaction to all 12 cultures. Testing 
sible. More recently. Williams and Verma (12) tested was also carried out under field conditions for 4 sea- 
53 diploid and tetraploid strains for reactions to 3 cul- 5° rhe techniques involved in handling host and 
" Gaiad aT cupamaia r avenae. Two strains of drena Pathogen were similar to those deseribed by Murphy 

harbata Brot. were resistant to all 3 cultures. They ‘®) and Finkner, Atkins, and Murphy (4). 

emphasized the importance of testing distinct. pur Resuits.._Seedling reactions.-The reactions ob- 
lines extensively within each of the various species served ranged. in an almost continuous series, from 
The present investigation was undertaken to deter extreme susceptibility to immunity. Reactions of some 
lines were stable from one test to the next, while reac- 
tions of others varied considerably. For the sake ot 
Accepted for publication March 30, 1959. | convenience, all reactions were classified as resistant, 
ao aga Us nD yg PP eg Pecan Meer aii cnt susceptible. or intermediate and/or variable. In the 
Home Economics Experiment Station, Journal Paper No, | ™ost common type,of intermediate reaction the younger 
J-3531 of the Towa Agricultural and Home Economics Ex second leaf of a plant would be more or less suscep: 
periment Station, Ames. Project No 6. tible and the first leaf moderately resistant. Inter: 
I scar oat ee “ P eg . a — mediate and variable reactions were often difficult to 
College. interpret. and further study of this material, using 
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TABLE l. Reactions * 


Culture 


number Race Victoria Bond Santa 
l 202 R S R 
2 203A R Ss R 
} 203B R S R 
} 205 R S x 
) 213 s Ss 4 
‘ 216 ~ ~ 4 
7 232 R R N 
a 2 5 R R t 
i) 258 s R t 
10 204 s s s 
ll 290 R S S 
12 294 R S Ss 


R” indicates resistance; “S” indicates susceptibility 


additional races or a wider range of environmental 


conditions. would probably modify the conclusions 


reported for some strains. 

Thirty-seven of the 87 strains tested for reaction to 
all 12 cultures of crown rust showed some degree of 
resistance to at least 1 culture in at least 1 test (Table 
2) These 37 represented 23 different patterns of 
reaction to the 12 cultures. Thus it is obvious, when the 
fully susceptible type is included, that there were at 
least 24 different genetic systems tor reaction to crown 
rust among the 87 strains. The individual patterns of 
reaction varied greatly, ranging from resistance to all 
races down to an intermediate or variable reaction to 


a single race 


Tape 2 Reaction 


Grou} CJ or other 
number strain number l 2 
3815, 7233 R R R 
? 2524. 2630, 2835 R R ~: 
1746 R R | 
j 5436. 4639. 5082. 6956 R R R 
Pl. 194201, C.D, 3820 ' ; ; 
1747 | R | 
f 3213 R l l 
i 1993 I I | 
ROY ~ ~ ~ 
) 816 | | | 
it 1745 ne he) | 
| 525 | | > 
12 O84. 2518 ~ Ss s 
I 196; ~ S R 
14 1782, 1783 s | I 
lS 2833 Ss ! I 
lf 1784 s | I 
17 A372 ~ | ~ 
ie 9196 ~ ~ ~ 
19 1748 s S Ss 
0 2511 S > s 
21 1749 S S s 
22 2514, 2520, 2521, 
~ ~ ~ 
2920, 3814 
2 > ») ~ ~ 
' 214 S S Ss 
t” indicates resistance; “I” indicates an intermediate 
See Table 1 for description of cultures 


CI. and PI. refer to accession numbers of the C.R.D., AR 


E.F.S.. Canadian Department of Agriculture 


Landhafer, 


s of certain strains of noncultivated species o 
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of key differential varieties of oats to 12 cultures of P. coronata var. avenae 


Variety 


lrispernia, 


Fe Lkraine Bondvic Saia Glabrota 


> 


_ 
a 
—_ 
~~ 
- 


\ 
Ss R R R 
5 R R S 
R R Ss R 
R R R R 
S R R R 
5 R Ss R 
R R Ss R 
R R R R 
5 S R R 
R R R R 
5 R R Ss 


[wo strains, C. Ll. 3815 (Avena strigosa Schreb.) 
and C. |. 7233 (A. abyssinica Hochst.), were resistant 
to all 12 cultures. C. L. 3815, originally introduced 
from Poland, was highly resistant. usually showing 
only very light flecking. ¢ 
Ethiopia, was not so highly resistant, ordinarily show- 


ing heavy flecking to most races, and heavy flecking 


I. 7233. originally from 


accompanied by some small uredia to the races, es- 
pecially race 216, that attack the differential variety 
Victoria. For a better estimate of how these strains 
might react to the general population of crown rust 
races and biotypes in the United States, they were 
tested for reaction to numerous cultures of crown rust 


collected over a wide area About 1500 such cultures 


f oats to 12 cultures” of P. coronata var menae 
( ulture number 

} ) h y 8 0 10 1] 12 
R R R R R R R R R 
R R R R R R R R ~ 
K t I I R R K K R 
Ss K R S s R K R R 
I R K R K R R Ss R 
I R S R R R S R R 
I » S R R = Me be! ~ 
3 ~ > > S S R R 
I K | s K K I Ss R 
I S S s R s s 
| ~ | _ ~ S R Se R 
s ~ ~ R R ~ ~ ~ ~ 
~ ~ ~ s ~ ~ ~ ~ ~ 
I Me | = . | ] ~ ~ 
| ~~ | s ~ ~ | ~ ~ 
| ~ ~ ~ ~ S | < < 
~ ~ ~ ~ ~ | | ~ ~ 
| — te | ~ ] | ~ ~ 
he ne | s ~ ~ | ~ 4 
I = be s ~ ~ ~ ~ ~ 
~ ~ | . oN ~ ~ c < 
~ ~ ~ ~ ~ ~ | ~ ~ 
~ S R ~ S ~ ~ s 
s s ~ s ~ s 
variable reaction; “S” indicates susceptibility. 


U.S.D.A. CD. refers to accession numbers of the C.C.D., 
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distributed among 34 races and a much greater num- 
ber of distinct biotypes were used to inoculate C. L. 
3815. A few of these iltures produced a few very 
small uredia. usually toward the tips of the leaves. 


The remainder induced only light flecking or no visible 
About 


were used t 


1800 cultures distributed among the 
The 


majority of these cultures induced heavy flecking, but 


reaction. 


i. Yooe. 


same 34 races » inoculate ¢ 


a good number. almost all of which were identified as 
races attacking Victoria, produced small uredia = sur- 
rounded by chlorotic or necrotic areas The uredia 
were larger and more numerous with long days and 


high temperatures than with short days and cool tem- 


peratures, No truly susceptible type uredia were 
ever seen on this strain 

Another strain of A. strigosa, C. |. 4746. was not 
susceptible to any of the 12 crown rust cultures, but 


did show an intermediate reaction to 3 of them. C. IL. 


4747, also A. strigesa, was susceptible to 1 culture. in- 
termediate to 3 others. and resistant to the remainder. 
All the other strains tested were susceptible to at 
least 2 cultures. One group of strains—C.1. 2524. 
2630, and 2835-—was susceptible to 1 of the cultures 


of race 203 and to race 294, but was highly resistant to 


all other cultures. 1. 2630, also known as Glabrota. 


was tested for reaction to the 1500 cultures of crown 
rust mentioned earlier that were used to inoculate 
C. 1. 3815. It was susceptible to 51 of the 1500. Re- 
actions of the 3 strains of this group were identical to 
the cultures to which all of them were tested. They 
are all A. strigosa and are morphologically indis- 


tinguishable. Consequently. it appears likely that the 


3 simply represent separate introductions of the same 
strain. 


The largest single group of strains (aside from the 


fully susceptible strains) was characterized by suscep- 


S ) 


tibility to races 205, 232. 


and 235, and by a high degree 
of resistance to the other races. The strains composing 


all diploids. They all 


teristic type of leaf injury when exposed to certain en- 


this group are show a charac- 
reactions to the 


There 


these strains 


vironmental conditions, and thei 


different cultures of crown rust were identical 
i some ot 


is some question as to whether 


are A. strigosa or A. brevis Roth., but they all probably 
carry the same genetic mechanism for reaction to 
crown rust. One of these strains. C. |. 4639. is the 
well-known crown rust differential variety Saia. In 
addition to the strains shown in Table 2. several other 
strains that were tested to only part of the 12 cultures 
verv likely belong in this group 

The second largest group of strains was susceptible 
to ll of the 12 cultures and was intermediate to race 
264. This is of special interest because of the im- 
portance of race 264 in breeding crown-rust-resistant 


The remaining ‘vroups co uprised only 


oat varieties 


l or 2 strains each 


Comparison of cult s of P. coronata avenae The 
12 cultures of P ronata avenae vary greatly when 
considered in light of their relative abilities to para- 
sitize key varieties of « ultivated oats Thus. race 264 
attacks all known sources of seedling resistance. while 


some of the others. suc is race 232. are markedly in 
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nocuous, parasitizing only a few of these varieties, |p 
contrast, on noncultivated oats, all 12 races are rather 
similar in aggressiveness. Race 264 was nonparasitie 
on 7 of the 23 strains or groups of strains showing 
some degree of resistance. The “weak” race 232 was 
also nonparasitic en 7 groups of strains, indicating that 
sources of resistance to these 2 widely different races 


were about equally numerous among noncultivated 
strains of oats. 

Race 264 induced an intermediate or variable reac. 
tion in 9 groups of strains, It is known that oat vari 
eties possessing field resistance often show an_ inter. 
mediate seedling reaction, and it is possible that some 
of these strains will prove to have a satisfactory degree 
of field resistance to this potentially important race. 

Seedling reactions of pure lines.—-The original seed 
stocks of f the strains studied were impure, 


Sometimes a single 


many 
strain would contain appreciable 
quantities of several obviously different types of seed 
In cases in which a susceptible strain contained a 
resistant contaminant, the resistant plants were some. 
times retained for seed increase. None of these pure 
lines were available in time to be tested with all 12 
cultures of P. 
tested with several important races. 


coronata var. avenae, but they were 
From a practical 
point of view. the most interesting of these lines com. 
prised a group whose members were highly resistant to 
all the races to which they were tested. They are all 
diploids and, on the basis of pathogenic reactions, 
from C. I. 3815. 
other diploid lines were resistant to race 264 but sus 
basis of 


cannot be distinguished Several 
ceptible to certain other cultures. On the 
available data these lines appear to belong to groups 
described in Table 2. A barbata, 


reported to be resistant to 3 cultures of the crown rust 


pure strain of 4. 
fungus in England (12). was moderately resistant to 
races 203 and 205, and moderately susceptible to race 
204. 

One pure line of the hexaploid species A. sterilis | 
Was resistant to all the cultures to which it was tested 
except race 264. Other pure lines of hexaploid species 
exhibited patterns of reaction to several races of the 
crown rust fungus that clearly differentiated them from 
However. none 


any of the strains shown in Table 2. 


of these lines were resistant to race 264. and they con- 
sequently are of little practical interest. 

Field reactions.—The majority of the strains studied 
in the greenhouse were grown in the feld from 1955 to 
Data 


reliable. because of drought. 


1958. inclusive. from 1956 are regarded as un- 
In the 3 other years, sus- 
ceptible strains were heavily infected. infection result- 
naturally oe- 
The data 
were not always consistent from year to vear. Part of 


inpeared to be due to differences in 


ing trom exposure to a combination of 


curring and artificially initiated inoculum. 
the discrepancy 
the race populations during the different years. 
field 
expected on the basis of reactions in the greenhouse 
Thus. in the 


greenhouse were resistant in the field, and susceptible 


In general, the results in the were about as 


strains resistant to the common races 


to rare races in the 
This was 


strains or strains resistant only 


greenhouse were susceptible in the field. 
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true in every instance with the strains that were resist- 
ant in the greenhouse, but there were several note- 
worthy exceptions among the more susceptible strains. 

most striking of these were the diploid 
strains C. I. 2525, C. I. 2833. and C. |. 3816. These 
strains were susceptible or showed intermediate reac- 
but had a 
a hexaploid 


strain, Was sus¢ eptible to all but one of tl 


Some ot the 


tions to common races in the greenhouse 
high degree of field resistance. C. I. 3222. 
e cultures 
ised in the greenhouse, and yet was moderately resist- 
ant in the field. 


The data presented indicate not only 


the 


DIscUSSION 
fungus 
but that 


these species ¢ ontain a wide diversity of ty pes of resist- 


that sources of resistance to crown rust 


eccur among noncultivated species of oats. 


Futhermore. some of these types are clearly dif- 


ance. 
ferent from any known sources of resistance found 
among cultivated oats. Many strains of noncultivated 


here worthless for breeding 
the 


that are of importance or potential importance in the 


oats described are 


for resistance to races of crown rust fungus 


United States. Others. however, may serve as sources 
ot seedling resistance to races of crown rust that at- 
tack all known cultivated oats and thus may play an 
important role in the development of resistant com 


mercial oat varieties. 
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In greenhouse tests, no Fusarium wilt (incited was higher on Grant than on Chino 3. 

by Fusariun vVS) f. tracheiphilum) on the — tests, preplanting soil treatments with 1,2-dibromo. 

(,rant cowpea il \ ind only a trace on Chino }-chloropropane (0.5 and 0.75 gal./A.) and ethyl- 

} resulted from artificial infestation of soil with ene dibromide (3.3 gal./A.) reduced the Fusarium 

Fusarium alot When plants of the wilt-tolerant  wWilt-disease value 71° for Grant and 41°¢ for 

Grant were inoculated by dipping roots of seedlings Chino 3. Soil fumigation reduced the root-knot- 

in a Fusarium spore suspension, only slight xvlem nematode disease value 80°, for Grant and 86% 

necrosis of the stem (Fusarium wilt value for Chino 3. Soil fumigation increased yield about 

occurred compared to a severe expression of the fold. A postplanting treatment (1.2-dibromo-3- 

same sympto ceptible Chino 3. When soil  chloropropane, 0.5 gal./A.) was not as effective as 

was infested with Fusarium and the reot-knot nema the preplanting treatment. but showed = similar 

tode, Meloidogy ia; tet Fatesion kien | rene 

The two most t diseases of cowpea, Vigna tedes to increase the severity of Fusarium wilt has 
sinensis Savi var. Black in California are Fusarium been demonstrated in several crops. As early as 1892, 
wilt, incited by Fus m oxysporum f. tracheiphilum \tkinson (2) suggested a relationship between the 
(E.F.Sm Snvde & Hanser ind root-knot incited root-knot nematode and Fusarium wilt of cotton, 
by either Velo ncogr & White Smith (20) reported that nematodes plaved the 


ita (Kofoid 
Vi avanica (J 


Javanicd ws the 


( hitwood or ( hitwood 


V 
southern ¢ 
(10) 


Nos ) 


reub 
predominant in 


Wilt 1 


irieties 


he 


ilifornia 


cowpeas 
esistance has n reported 


Blac keve 
ittack these 


in the woe 


ind 7. but strains of Fusarium that 


varieties have appe many areas of California. 
In tests conducted by the senior author. these varieties 
showed some resista e to the root-knot nematode V. 


incognita, but not to manica VW incognita did not 


reproduce as readily these varieties. and root gall- 
ng Was not as sever 

In 1955 hye new Grant variety of cowpea (5 
showed a high degree of tolerance to Fusarium wilt 
in the absence of 1 not nematode in field tests in 
the Chino Valley. San Bernardino County. California. 
but appeared to be less tolerant on land infested with 
both Fusariur ind M avanica, to which it is. sus- 
ceptible since no varieties were available that are 
resistant to bot Fusar ! and MV panica, it ap- 
peared that control of the ? diseases would require 
more intormatior n the effect of nematocides on both 
nematode root-knot a d Fusarium wilt 

The greenhouse tests reported here were designed 
to determine whetner V eas a increased the sever- 
itv of Fusariun the susce ptible Chino 3 and 
tolerant Grant cowpea varieties. Soil fumigation tests 
in the field were designed to test the effect on severity 
of Fusarium y ! reduction population of M. 
javanica anc to compare the relative eficacy of pre 
and postplanting s treatments with a nematocide 
These experiment I been briefly reported (2] 

LIvTeRaTurRE Rt The ability of certain nema 
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dominant role in the wilt-nematode complex of cotton, 

first by making an opening for the wilt organism and 

then by increasing the susceptibility of the host. 
Young (23) reported that root-knot nematodes in- 


} 


crease the severity of Fusarium wilt (F. oxysporum { 


lyecopersict (Sace.) Wr. emend. Snyder & Hansen) on 
tomato. Using the wilt-resistant variety Rutgers, 
Jenkins and Coursen (9) showed that infection by 


VW. incognita acrita Chitwood and VM. hapla Chitwood 
more quickly and increased 
1O°,. They 
role of nematodes was more complex than providing 
of Me. 
were unable to demonstrate 
root-knot 


Fusarium wilt on tomato in greenhouse tests. 


induced plants to wilt 


severity of the wilt by suggested that the 


Fusarium with entrance. However. 
Clellan and Christie (11) 


between 


avenues 


j 


any relationship nematodes and 


Root-knot nematodes have recently been shown to 
increase the severity of Fusarium wilt of alfalfa 
(Medicago sativa L.) incited by F. oxysporum f. vas- 


infectum ( Atk.) Snyder & Hansen (12). Fusarium wilt 
of Mimosa ( Albizzia Durazz.), incited by 


F. oxysporum f{. perniciosum (Hepting) Toole. 


julibrissin 
has 


also been demonstrated to be more severe in soil in 
fested with VW. javanica and M. incognita (6). Infee- 


( Neal 


severity 


WV. arenaria 
the 


VW. incognita acrita and 


did to 


tion by 


Chitwood not appear increase ol 


wilt (F. oxysporum f{. cubense (E.F.Sm.) Snyder & 
Hansen) of Gros Michel banana in tests conducted 
by Newhall (16). although the burrowing nematode, 


similis (Cobb) Thorne. increased wilt 


Radopholus 
LOOc. 


Control of root-kKnot nematodes by soil fumigation 
reduced the severity of Fusarium wilt in cotton (17, 
19) and tobaeco (13. 14). 

\MerHops.—Greenhouse.—The variety Chino 3 is 


nearly indistinguishable from 


It was highly susceptible to 


local origin and is 
California Blackeve 5 


all isolates ot f 
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house tests, and moderately susceptible to M. javanica 


in the field The variety Grant (5) was highly resist- 
int to some isolates of Fusarium, but only moderately 
tolerant to others: however, this variety was extremely 


susceptible to M. javanica. 


The f isartul 


isolates were obtained from the xvlem 


tissue of diseased cowpea plants. For maintenance 
of a virulent strain of the fungus cowpea stems in 
fected with a single-spore isolate of the fungus were 
stored in a retrigerator. The fungus was reisolated 


<« when needed and grown on Difeo PDA 


Spores were 


trom the sten 
potato-dextrose agar) for 10-15 days 


washed from the plates with distilled water. 
The severity of Fusarium wilt was rated by the 
xylem 


intensity and percentage of necrosis of the 


tissue il longitudinal section of the lower portion 
of the main stem. as follows: 0 no xvlem necrosis, 
| 1-24, necrotic, 2 25-49%, 3 50-74%, 4 
75-100 ind 5 plant dead. 


The population ol WV. javanica used was grown from 
mass obtained from a cowpea root, In 


i sil ic ef: 


ilum was obtained from galled roots ot Rutgers 


tomato. Severity of nematode galling on the cowpea 
roots was graded by the following system: 0 none, 
I i-24 of root system galled, 2 25-49%. 3 
90-746, and 4 75-100%. 


Plants were grown in a sandy loam soil that was 
steamed for 1/2 hour before use Nematodes wert 
mixed with soil at a rate of 5 g of galled tomato roots 
in the lower half of a gallon can of soil that was later 
I usarium 


filled with sterilized soil spores from |] 


Petri plate (9 cm in diameter) in 50 ml water were 
mixed with soil at a level 2-3 in. below the soil sur- 
face. Several seeds of the varieties Grant and Chino 
} were planted on opposite halves of the can of soil 
ind later thinned to 3 plants of each variety. The 
soil was irrigated each 7-10 days with Hoagland and 
Arnon’s (7) nutrient solution No. 1 (including minor 
elements) modified with chelated iron (5 ppm). 

Greenhouse temperatures varied from 21° to 30°¢ 
lo determine the dry weight of tops, the stem of the 
plant was clipped at ground level, and the top dried 
24 hours at 80°C. 

Tests were designed as a randomized block and 
included 6 replications, data for each replicate con- 
sisting of an average from 3 plants. The data were 
statistically analyzed using the multiple-range test 
tables of Duncan (3). 

Field.—Soil fumigation tests were conducted on two 
farms in 1957 in Mira Loma. California. In both 
cases the soil was a loamy sand containing 3% clay, 
10°, silt. and 87° 


1 


at 1/3 bar. suction. 


sand that retained 10° moisture 
Both fields were irrigated and 
cultivated before the nematocidal fumigants were ap- 
plied. Individual plots. 20 100 ft.. planted to 4 rows 
each of the Grant and Chino 3 varieties. were arranged 
195 Latin square design. 
In the preplanting treatments the fumigants—FDB 
ethylene DBCP 


were applied at a 7-in. 


dibromide } and { 1.2-dibromo-3 


chloropropane depth with 


1 tractor-mounted chisel applicator with shanks on 
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12-in. centers. Soil temperature was 17.5°C at the 
l-in. depth. After treatment the soil was packed with 
a drag and cultipacker. The postplanting treatment 
was DBCP injected 3 weeks after planting at a 6-in. 
depth, 6 in. on either side of the row of cowpeas, Soil 
temperature was 20.5°C at the 4in. depth. The soil 
was not compacted after treatment, 

\t the end of the growing season the values for 
severity of the diseases (root-knot and Fusarium wilt) 


from 25 randomly selected plants of each variety from 
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Fig. 1-2. Average Fusarium-wilt values and dry weights 
per plant of Chino 3 (wilt-susceptible) and Grant (wilt- 
tolerant) cowpea varieties in the presence of Fusarium 
oxysporum {. tracheiphilum alone and in combination with 
VW eloidogyne 1 reatment © chee k. 7 soil 
infested with Fusarium alone, N soil infested with 
Veloidogyne alone, FN = soil infested with both Fusarium 
ind nematodes, and FD inoculation with Fusarium 
by dipping roots of seedlings in a spore suspension. Fig. 
1. “F” value was significant for varietal data at the 5% 
level and for variety-times-treatment interaction at the 0.1% 
level. Fig. 2. data at the 1% level showed statistical 
groups FN.N, FD, F.C for the Grant variety, and FN.FD, 
\ F.C for Chino 3 Differences between varieties were 
significant at the ] level for treatments C, F, and N, but 
not for FN or FD 


javanica 
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each plot were recorded and iveraged Dry cowpea 
vields were obtained for both varieties from 2 rows 
50 ft. long in each plot. The data were analyzed by 


the one-sided t-test | which compared each treat- 


ment to the check 

EXPERIMENTAL Resutts._-Greenhouse In 2 tests 
the severity of Fusarium wilt in soil infested with 
Fusarium alone was compared with that in soil in- 
fested with both Fusarium and Meloidogyne. The 
following treatments were prepared: 1) steamed soil 
of the check treatment contained no inoculum = (in 


tests treatments with steam-sterilized inoc- 


both Fusariun ind 


prev 1OuUs 


ulum of nematodes were included 


check. but no effect on growth of the control 


as a 
plants was noted 2) Fusarium spores were mixed 
with soil }) galled roots of tomato infected with 
Veloidogyne were mixed with soil: 4) Fusarium 
spores and nematode ills were mixed together in the 
soil to test the possible interaction of both organisms; 
and 5) wounded roots of l-week-old seedlings were 
dipped in a Fusar spore suspension Phe last- 
named inoculation method has been used successfully 
in testing the resistance of varieties of cowpea to 
Fusarium to reduce disease “escape” which is com- 
mon when roots are not directly inoculated. Although 
the reot-dinping method was severe. plants resistant 
to Fusarium were readil lifferentiated from suse epti 
ble plants 

Data on root-knot. Fusarium wilt Fig. lL). and 
dry weight of each plant (Fig were recorded 30 


CHINO 3 GRANT 


F USARIUM 


Fig. 3. Comparison of the effects on the 


Fusar un oxvvsporur | whe f ? witl Ve ndogyne 
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days after planting. These data were typical of those 
obtained in 2 later tests. 


with 


The growth of plants in sojj 


infested Fusarium, Fusarium plus nematodes 


and nematodes alone is compared in Fig 3. 

In this test there were no Fusarium wilt symptoms 
on the variety Grant. and only a trace on the variety 
Chino 3. in the soil infested with Fusarium alone 
When plants were inoculated by dipping roots in 4 
Fusarium spore suspension, the variety Grant showed 
a Fusarium-wilt value of only 0.8. compared to 3.7 
for Chino 3. However. 


grown in infested 


when the variety Grant was 
both M. 
Fusarium, the Fusarium-wilt value for Grant increased 
from 0.8 to 2.9. 


a reduction 


<oil with javanica and 


variety Chino 3 
In this test the 
average root-knot value in nematode-infested pots was 


Conversely. the 


showed from 3.7 to 1.7. 


3.9 for Grant and 3.7 for Chino 3. The increase jp 
susceptibility of the variety Grant to Fusarium wilt 
in the presence ot this root-knot nematode has also 


been noted frequently in field tests in which nematode 
galling was severe. 

The first test was repeated with a Fusarium isolate 
that was more virulent against the Grant variety. The 
results similar to those reported for the first 
test that the 
Grant with root-dip method was more severe 
Although the Fusarium. 


wilt value on plants inoculated with both Meloidogyne 


were 


value obtained on 
(2.7 


except Fusarium-wilt 


than in the previous test (0.8). 


and Fusarium was higher on both Chino 3 (4.1) and 


Grant (4.9). the trend was similar to that of the first 


CHINO 3 GRANT 


GRANT 


NEMATODE 


and Grant varieties of cowpea of infesting soil with 


and with both organisms. 
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test. No Fusarium wilt occurred in soil infested with 


Fusarium alone. 

4 later test included the same treatments and 
Fusarium isolate as the previous one, except that in- 
festation was with a known number of VW. javanica 
larvae (about 7800 per can of soil) placed in 5 holes 
t in. deep and spaced equidistant, instead of with 5 
» of galled tomato roots per can. The number of 
semmedes obtained from the galls was not measured, 
hut it was estimated to be much greater than that of 
the larval suspension. When roots were observed after 
about 6 weeks, the root-knot-nematode gall index 


was only 2.0 for each variety, compared to 3.9 fo 


Grant and 3.7 for Chino 3 in the previous test. Con- 
trary to the results from the previous test, the average 
Fusarium-wilt value due to the Fusarium-nematode 
treatment was only 0.1 for Grant and 2.7 for Chino 
,. as compared to 3.5 and 5.0 when plants were inoc- 
ulated by dipping roots in a spore suspension. In 
this test the natural tolerance of the Grant variety was 
not reduced by a relatively low population of nema- 
todes. 

Since the population of M. javanica is high in many 
of the sandy soils of southern California where cow- 
peas are grown, root-knot reaction is often severe 
The results of the greenhouse tests indicate that there 
is an interaction between the Fusarium wilt and root- 
knot diseases. Therefore, both factors must be taken 
into account when control measures are considered 

Field experiments.—Since data from each of the 
field tests were similar, the results of both tests are 
combined in Table 1. All treatments with nema 
tocides caused highly significant reductions in the 
severity of both root-knot and Fusarium wilt when 
compared to the untreated control. The Fusarium 
wilt value was reduced 71° for the variety Grant 
and 41% for Chino 3 by the preplanting treatment 
with EDB and by both dosages of Nemagon. Root 
knot was reduced 80°, on Grant and 86‘ 


Preplanting treatments also induced about a 3-fold 


on Chino 3. 
increase in yield of dry cowpeas. Postplanting treat- 
ment with Nemagon approximately doubled the yield 

The differences among the several soil fumigation 
treatments in severity of Fusarium wilt and yields 


of cowpeas were not highly significant, statistically. 
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but the results suggested that the preplanting treat- 
ment with Nemagon was more effective than the post- 
planting treatment. Preplanting treatments also re- 
sulted in a significantly greater reduction in average 
root-knot-disease value than did the postplanting treat- 
ment. 

These data showed that reducing the population of 
VM. javanica in soil naturally infested with the wilt 
Fusarium reduced the severity of Fusarium wilt 
disease. This information, coupled with that gained 
from the 


greenhouse inoculation tests with both 


organisms, showed positively that an interaction 
existed between the 2 pathogens. Since both organisms 
exist together in many areas. future research should 
consider not only control of each pathogen but also 
control of the disease resulting from interaction of the 
two. 

Fumigating soil with low doses of Nemagon success- 
fully reduced both the root-knot and Fusarium wilt 
diseases and increased the yield of cowpeas. Since 
the greenhouse tests showed conclusively that severe 
root-knot reduced the tolerance of the variety Grant 
to Fusarium wilt, it appeared that soil fumigation 
with a nematocide may be a valuable supplement to 
varietal resistance or tolerance to Fusarium wilt. 

Discussion.._To date, no direct experimental evi- 
dence has been reported on the nematode’s function 
in increasing wilt. There are several possible mech- 
anisms. Numerous workers have suggested that the 
nematode provides avenues of entrance for the wilt 
organism. Since the Fusarium wilt pathogen of cowpea 
is aided in its pathogenesis by the presence of wounds 
on the roots, the “root dip” technique has long been 
used in resistance to 


screening crop plants for 


Fusarium wilt Armstrong and Arm- 


strong (1). the severity of wilt in susceptible varieties 


\ccording to 
was increased by cutting the roots of cotton, tomato, 
and cowpea plants 
However, in our tests the Fusarium-wilt value on 
the wiit-tolerant Grant variety of cowpea was greater 
from inoculating with both nematodes and Fusarium 
than from dipping the root system in a Fusarium 
spore suspension (Fig. 1). Jenkins and Coursen (9) 


showed that mechanical wounding of the roots of the 


wilt-resistant tomato variety Rutgers (soil containing 


Pasre | fverage 2 tests) amounts root-knot-nematode galling. Fusarium wilt, and dr seed yield of 2 varieties o} 
wpea ¢ f migated and intumigated soil 
Dose Av. disease value/plant Seed vield 
gal. active Nematode galling Fusarium wilt (Ih./A) 
Treatment ingredient/A) Grant Chino 3 Grant Chino 3 Grant Chino 3 
EDB (preplant , 33 0.6 0.4 08 28 1750 1lool** 
DBCP (preplant) 0.75 0.6 0.5" 0.7 2.4* 1780 1714* 
DBCP (preplant) 0.50 0.9 05 O8 2 6* 1732 1532** 
DBCP (postplant) 0.50 2.8 1.9 1.3 28 1175 1452** 
Nor .() > 7 14 572 610 
EDB is given as 100% ethylene dibromide DBCP contains 97 1.2-dibromo-3-chloropropane. 
Vlants scored for nematode galling as follows: 0 none ] 1-24% of root system galled: 2 22-49%; 3 
WF and 4 75- 100° 
Plants scored for Fusarium wilt as follows: 0 no XV necrosis: | 11-24%; 2 23-49%; 3 50-74% : 
} 100 ind 5 plant dead 
Differenc: between treatment mea ind no-treatment me significant at i ) level significant at the 1% level 
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; 


knite) 
but 


did 
that 


roots was stabbed intervals with a steel 


not increase the incidence of 


M. hapla or M., incognita 


Fusarium wilt. 


acrita on the roots increased 


the severity of Fusarium wilt Wounds caused by 
nematode activity undoubtedly play an important 
part in the development of Fusarium wilt. but other 
factors must also be involved 

Holdeman (8) suggested that the influence of root- 
knot nematodes on the itrition of the host should 
be considered UOteita Lo) reported that infection 


dec reased 
Phase olus 


level of potassium 


toe / 


the 


by the root-knot mcognita, 
the 


lunatus LL. Fertilization with a high 


nema 


content of Lima bean 


potassium 


from plants infected by 


induced a growth response 

nematodes, but not fron ininfected plants He sug- 
gested that nematode damage was correlated with the 
amount of potassium available to the host, and that 
nematodes interfered in some manner with the po- 
tassium nutrition of the plant. This is of interest be 
cause low potassium levels have been shown to In- 
crease the severity of wilt in cotton (24) and tomato 
(22). The addition of potassium fertilizers reduced 


the severity of cotton wilt in potassium-defi ient soils. 


Root-knot nematodes in feeding secrete various 
metabolic produ ts nto the host cells Among the 
effects on the host ire increase In respiration, the 


the degradation 


( i>}. 


ictivation of oxidizing enzymes. and 


of proteins (albumins) by proteolytic enzymes 


The activity of the nematode may so alter the metab- 
olism of the host plant that it is no longer able to 
withstand the attack of the wilt organism Further 


research is needed to define the role of the nematode 
in the nematode Fusarium-wilt complex more eritl 
cally 
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INOCLLUM 
OF 


RELATIONS BETWEEN 
BY UREDOSPORES 


DENSITY 
PLCCINIA 


Law rence 4 


INFECTION OF WHEAT 
TRITICL? 


AND 
GRAMINIS VAR. 


Petersen ~ 


si MMARY 


l niform reproducible inoculations were accom- 
plished with a spore settling tower. Infection was 
facilitated by maintaining 74£1.5°F and 100° 


RH in an incubation chamber at the 


\ pure ¢ ulture ot physiologic« race 15-B was 
Little Club wheat seedlings. As 
the number of 
linearly, 


base of the 
towel 
used to inoculate 
was increased 
uredia per cm= of leaf 
to a maximum of 0.7 pet 
There was a distinct tendency for the type 4 reac- 
inoculum densities to 
less susceptible in- 
This con 


inoculum’ density 
surface increased 
100 viable uredospores. 
class observed at low 
the characteristics of 
of high inoculum densities 


tion 
assume 
fection types 


! 
clusion was based, primarily, on a_ size-of-pustule 


relationship, since the difierence in degree of 
chloronemia was insignificant inoculum 
The infection response curve, although 
linear, was somewhat bimodal in the following re- 
spect: at densities of 2-410" viable 


uredospores per cm*= there was very little difference 


hetween 
densities 


inoculum 


in number of uredia, whereas the number increased 
2-fold at inoculum densities of 4—5.2*10°, Further 
increases in inoculum density had no effect on num- 
bers of uredia. Some of the infection foci 
therefore. the uredia counted 
was fewer than the initial number of infection foci. 


cou- 


lesced: number of 





relation of inoculum density to infection of 


The 
wheat by uredospores of Puccinia graminis Pers. var. 


(Erikss. & E. Henn.) Guyot has had little study. 


Since the stem rust the most 


tritici 


organism Causes one ol 
important plant diseases known, a knowledge of how 
influenced 


his organism’s infective capabilities are 


' 


hy inoculum density may be of value. 

In 1953, a study of factors affecting spore dispersal. 
using uredospores ot r’. 
Colorado State 
settling tower was constructed that is capable of mak 
facili 


Was 


graminis tritict, was begun at 


During this work a 


| niversity. spore 


ing unilorm spore depositions (10). Later, to 
incubation chamber 
(Fig. 1). 


The results reported herein deal with the relation 


tate an infection study. an 


constructed at the base of the towe1 


hetween the number of viable uredospores deposited 


per cm- of wheat leaf surface and the resultant in 


fection. 


AND METHODs.—-L redospore cultures of 


\IATERIALS 


ihvsiologic race 15-B and a composite of 3 races ol 


| 
P. graminis var. tritici were used as respective inocula 


on Littlhe Club and Marquis wheat. Since the data 
obtained with the composite inocula and Marquis 
wheat are only preliminary. they are mentioned only 
briefly 
Throughout this study. controlled amounts otf 
inocula. in the form of an aerosol of uredospores, were 
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allowed to settle on 10-day-old wheat seedling leaves. 
Inoculated plants were held 24 hours in the incubation 
74+1.5°F 100% RH 


tv), and then placed in an air-conditioned greenhouse 


chamber at and (relative humidi- 


to await pustule development 


The spore settling tower—The settling tower (G, 
Fig. 1), constructed of 'x-in. masonite and 1-in. pine 
boards. had inside dimensions of 3-in, by 3 in by 6 


ft. long. as shown in the perspective view in Fig. 1. A 


Jaminar layer of masking tape, caulking compound, 


and aluminum foil was used to seal all tower joints. 


lo provide insulation, a 6-in. chamber (H,. Fig. 1) was 
constructed of Celotex and aluminum foil, fastened to 
2-in.-square pine studs, which completed the enclosure 


and served as a stand. A Fenwal thermoswitch (J, 
Fig. 1) and combination fan-heater was used to main- 
tain a uniform temperature inside the tower. In addi- 
tion, a small oscillating fan (L, Fig. 1) was operated 
for 1 hour before inoculations to ensure even distribu- 
tion of heat within the tower. 


Copper and constantan thermocouples were located 
that the tem- 
poten- 


at various heights inside the tower so 


peratures could be taken periodically with a 


(K. Fig. 1) 


chamber. 


tiometetr 
section 


W ein- 


lower 2-ft. 


The 


of the original tower. constructed and used by 


The incubation 


hold (10). was cut off and removed, thus providing 
space for the incubation chamber (Fig. 2). The base 
of the tower was fitted flush with the roof of the 
chamber. 

Phermopane construction was used on 2 sides to 
insulate the chamber walls while admitting light. 


Marine plywood was used for the roof, one side, and 
was placed between 
and the 


the door. Glass-wool insulation 
the top of the 


sulating chamber of the settling tower to prevent con- 


incubation chamber outer in- 
vection currents from influencing uniformity of spore 
fall. 

Temperature was controlled with a 1530-watt im- 
|) and a Cenco-De Khotinsky 
sub- 


mersion heater (Q. Fig 


thermo-regulator The immersion heater was 
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merged in 1] liters of water in a galvanized iron pan roof measured ambient air temperature. Others were 
placed on the floor of the chamber. distributed so that foliarsphere and water-bath tem. 
Two thermos ouple . suspended from the chamber peratures could be recorded during experiments. The 
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inoculation platform, P) scissorjack, Q) immersion heater, R) Cenco-DeKhotinsky thermo-regulator, 5S) lever for shut- 
} 


ting trap-door at base of tower 


PETERSEN: INFECTION OF WHEAT 


September, 1959 


\ 
hamMveel 


throughout the 


The 
tained 4°F above laboratory temperature, so that there 
Test 


incubation ¢ maintained a uniform 74=1.5°5 


experiments, 


incubation chamber temperature was main 


i vapor pressure deficit inside the chamber. 


was 
plants and other objects in the chamber thus lost heat 


by radiation to the cooler walls and top of the cham 
ber. thereby becoming cooler than the air surrounding 


them. In this condition, the leaves became centers of 


condensation for the saturated air around them 


Necessary accom, 


auxiliary humidity control was 





bation chamber 


BY 
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plished by a perforated plastic 
For this 


pump controlled by a 


pumping alr through 


tube coiled at the bottom of the water bath 
purpose a 14-hp electri timer, 
was operated at hourly intervals. The bubbling action 
ot 
sure of the water to be increased by releasing myriads 


bubbles of the 


air through the water bath caused the vapor pres- 


of tiny saturated at the surface 


bath. 


air 
water 


Inoculation technique—Application of uniform 


amounts of inoculum was accomplished with the tower 


tower to facilitate infection studies 
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and the injection device shown at A. B. C. D. and E in — injected into the globe (E. Fig. 1) through a tube (Dp. 
Fig. 1. Uredospores of P. graminis var. tritici were Fig. 1) by means of compressed air. Air from the 
evlinder (A, Fig. 1) was introduced into the line until 
the manomeier tube (B, Fig. 1) indicated 10 psi air 
pressure. The valve on the compressed air tank was 
then closed so that no additional air could enter the 
system. By activating the solenoid valve (C. Fig, ] 
the air was released instantly. Uniformity of air blast 
was assured by raising the mercury in the manometer 
tube to the same level for each inoculation, 

Preliminary testing of the tower indicated that al] 
uredospores injected into the tower fell as individual! 
units, after a pre-settling time of 6 seconds, and were 
deposited on seedling leaves after a fall-out period of 
3.5 minutes. Exposure time was controlled by means 
of two slotted slides (F and M. Fig. 1) and a Stop- 
watch 

fssay techniques.—Germ tube and appressoria 
counts were made directly from inoculated leaf sur. 
faces with a cellulose acetate epidermal impression 
method (7). Cellulose acetate was applied directly to 
the sample leaf surface 24 hours after inoculation. 
After 30 minutes’ drying time in a special holding 
device. the acetate film was carefully stripped from 
the leaf surface, stained in lacto-phenol containing 
0.5°, cotton blue. inverted. and placed on a slide. 
(Staining was unnecessary when a_ phase-contrast 
microscope was used.) To facilitate removal of the 
dried acetate film. a portion ot a Cellophane tab was 
placed in juxtaposition at one end of the leaf before 





the acetate was applied. The cellulose acetate (Fig 
}) bearing uredospores, germ tubes. appressoria, and 






3pB the impression of the epidermis and stomates was then 


studied under the microscope. 


Fig. 3. A) Cellulose acetate epidermal impression show- Inoculated plants were plac ed in an air-conditioned 
ing a uredospore germ tube, and an appressorium formed greenhouse after the initial 24-hour incubation in the 
over a stomate 00%). B) Acetate impression showing : ; ; 
uredospor om tl ak ee Canela all a call chamber. After a 4-day incubation period in the green- 

edospores, i f rhe ine t o ation ) : s 


stomatal vesicle house. a second leaf was removed and stained accord- 
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September 1959 PETERSEN: INFECTION OF WHEAT BY PUCCINIA GRAMINIS VAR. TRITICI 61] 
TAPLe ] {nalysis of regression of number of uredia or PABLE 2 {nalvsis of regression of number of infection 
ensit of viable ure dospore s of P inia grami § foct on densit of viable iredospore s of Puccinia 
rar " per cm of leat surtace Zraminis var. tritict per cm” of teat surface 
Degrees of Meat Correlati Degree of Mean Correlation 
Source of variation treedom squares I fheient Source of variation freedon squares | coefficient 
yu Iva 


, ay « 
Dne to regressiot 2211 Due to regressior 457.295 
From regressiot 16 17 13 RY From regression 13 23.089 149** 92% 
Little Club wheat and physiologic race 15-B were used Little Club wheat and physiologic race 15-B were used 
h XI n this experiment. 
Significant at the ] level of probability Signiheant at the | level of probability. 
j , > 11 . , : 
ing to the method developed bv bell (06 Infection tion toclt were counted in each chloronemi area | lable 
} ] | " | 
foci were Tre idly observed and counted Chloronemik ) big 8). kor example, at the lowest level ot in 
flecks appeared and were counted ¢ days after inocula oculum density, 140 infection foci developed into 5.6 
} _- : , 
tion Lredia wer counted 12 days after inoculation chioronemic areas and 4 iredia per cm-. In all 
EXPERIMENTAL RESULTS. Relation of inoculum den cases, the latter 2 counts were many times fewet than 
sity to number of uredta per cm*. Preliminary studies the number of infection foci 


suggested that the relation of density of viable uredo 


spores to resultant number of uredia per cm- of leat ; oa —r 
surface was linear. with a tendency to be indirectly a 


proportional at an inoculum density level of 2000 Pas 
uredospores per cm? (Fig. 4). About 100 viable uredo a . : | 
t REGRE x er RICIEN ‘ 
spores were required per cm- ot leaf surtace to pro P | v ; | 
duce each uredium | 
’ : ts 
In subsequent experiments with physiologic race 15- «2 4 ee c | 
1 *. *. ° | 
B and Little Club wheat, data were analyzed by com Ss ° | 
5) | 
puting linear rezression, correlation coefficient, and : 
analysis of variance. Comparative analyses were made 
to determine whether number of uredia per cm? or aa 
| rs 
® 


infection foci was better correlated with inoculum 

density (Tables 1 and 2). Z a ; — ame —_ 
Analysis showed that the regression of the number i 

of uredia per cm= on density of viable iredospores per o a ere ane 

em* was highly significant. Computation of a correla 


tion coefhicient indicated that 89°7 of the variation in 








number of uredia formed was related to a change in i ——- = 
density ot viable uredospores per cm e * 
\s inoculum density was increased, the number of 4 
iredia increased to about 18 uredia per cm. leveled 
off somewhat. then increased to 40 uredia per ¢ m-,. a 
No more than 40 uredia were produced per cm-, re- - REGRESSION 
vardless ot the number ot viable iredospores deposited “z 7 EFFICIENT 33 
(Fig. 5. ¢ 
et , ; c PY 
Relation of inoculum density to number of infection ‘ r 
Analysis of regression of infection foci per em z . 
’ 6- . 
on density ot uredospores Was also computed The r | 4 . 
, ; C A 
number of infection foci was directly correlated with ~ / 
. = z 4e 
inoculum density (Fig. 7). ¢ omputation of a correla Pa 
| F ee* 
tion coefhcient indicates that 92 of the variation in / 
1 2- ™ Y 
number of intection foci was related to change in den — 
sitv of Ino he ohserved ne 07 ‘ 
| inoculum. The observed F value, 149.7, wa Pieces , m . P — 
highly significant 5 5 25 3 3s 4 as 5¢ 
Relation of inoc ulum density to intection foci. chlo 7 ViABLE RE DOSP ORES wv (810 
onemic flecks, and uredia per m- The appearance 
" { } r teas | ’ . _ > | 
( rete of chloronemic flecks produced by rust Fig. 6-7. 6) Regression of uredial infection of Little 
i- n sugges sted that Pat h individ ial fleck repre {jub wheat on density of viable uredospores ot physiologic 
> on a > 
sented a single point of infection 1 germinati race 15-B of Puccinia graminis var. tritici 7) Regression 
Baye ' , ‘] - a infection foci per cm* of Little Club wheat on density 
PeaOs pore oy ve! she vie t seediings were in , , 
weve when \ a ne N viable uredospores ot physiologic race 15-B of Puccinia 
oculated wit Iredospores en masse. numerous I 1e« ‘ minis Var. ¢triti 
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Paspie 3.—The relation of mber of viable uredospores of Puccinia graminis var. tritici race 15-B to appressoria, infer 
tion foci, chloronemic flecks, and uredia per cm* on Little Club wheat seedlings (three experiments) 
\ppressoria Chloronemi 
Potal uredospores percm Infection foci areas per Uredia * 
perem (10 10°) per em (X10°) em (10°) per cm Mean 
vermination 
l 2 ) | 2 } | 2 3 l 2 3 ] z 3 % 
99 92 85 26 22 27 4 14 13 59 56 54 35 39 3.6 95 
154 159 169 .1 36 41 16 1B 2 84 72 68 74 67 65 83 
28.1 26.4 5.3 f 64 63 io ke ee 18.7 19.2 17.9 17.7 18.1 18.6 90 
PA 37 35.8 56,2 30 IS IzZ 6a 65 57 19.5 7.1 16.35 21.8 20.6 184 92 
0.4 93.5 90.2 2 27.6 26.5 14.7 15.2 149 36.2 363 35.4 25.7 19.6 188 Y] 
9.8 97.3 98.1 3.2 40.9 394 428 399 36.7 64 
200.0 193.0 183.5 43.5 42.1 39. 3.5 40.6 37. 
' Figures re present mean ot 10 re plic ations 
, Missing data. Figures supplied according to Snedecor. 
Precise counts could not be made at this level of inoculun. density, 
Effect on infection type of increasing inoculum den before relating inoculum density to infections resulting 
‘ sities. -Ten-day-old Little Club wheat seedlings, in therefrom. Accordingly. in this study. direct counts 
repeated trials. with physiologic race 15-B, showed a were made of uredospores, germ tubes, appressoria, 
distinct, though variable. change in infection type infection foci, chloronemic flecks, and uredia per em® 
between extremes of inoculum density Table 4 — of leaf surface. 
shows the difference in rust infection type between a Disease incidence was closely correlated with in- 
low and high inoculum density. Uredia produced at) oculum density. These findings are in agreement with 
the lowest inoculum density obtainable with the eyuip- those of Durrell and Parker (4). Miller (6). and 
é ment used, were variable in infection type, but all Rowell and Olien (8). The relationship, however, was 
’ were large. often confluent pustules. with considerable = not directly proportional at all inoculum densities, 
leaf chlorosis (Fig. 9 This indicates. according to For example, in the preliminary experiment, 31% 
Stakman et al (9 i very susceptible varietal re- fewer uredia per cm? resulted from a 10°7 increase 
action class. In contrast medium-sized uredia, with to 2000 viable uredospores per em?. 
few confluent types and surrounded by pronounced This suggested the presence of a factor that de 
chlorotic tissue, were predominant at the highest level | pressed disease incidence from the expected value and 
of infection (Fig. 10 In this case, a shock stage was was dependent on a given inoculum density for ex 
. often evident. manifested by collapsed necrotic tissue, — pression. 
extending from the leaf tip toward the base. Thus, as \ natural germination inhibitor was demonstrated 
inoculum density was increased. the number of uredia in vitro by Allen (1) in uredospores of P. graminis 
per cm= increased to a maximum of 0.7 uredia per 100 var. ¢ritict. 
viable uredospores: at the same time, uredial type More recently. Allen (2) reported the presence of 
changed from highly susceptible to moderately suscep a stimulator, found unexpectedly in trying to charae- 
tible terize the nature of the natural inhibitor, The self 
Discussion. With few exceptions. studies of factors — inhibition exhibited by large populations of spores was 
influencing infection have been undertaken with litthe abolished by the addition of distillates containing this 
knowledge or control of the actual number of infective — stimulator. 
units placed on the host plant. Heald (5) was one of One might expect, in this study. that the number of 
the first workers to recognize the necessity of determin- — appressoria would be reduced with increasing numbers 
ing the actual numbe if spores present on a host — of uredospores deposited on the leaf if the germination 
ARLE 4 The eff ; fensit imber ot uredia and rust intectton type ising physiologi race 15-B and 
/ e ¢ 
Trial | Trial Il Trial Il 
Ured Uredia Uredia 
Viable per LOO Viable per 100 Viable per 100 
uredo viable Vie il uredo viable Mean uredo viable Mean 
spores per iredo infectior spores per uredo infection spores pe! uredo infection 
em? (107) spores type ‘ i 10°) spores type em (* 10°) spores tv pe 
92? 8 | s) 8.0 5 bis) 8.5 16 .—({S) 
62.1 0 2+ (MS) 60.1 6) 2(MR) 63.3 60 s- (Ms) 
‘Infection types from rust key of Stakman and Levine (9) 


Mean of 10 leaves per determination, 
Pn) highly susceptible Vis moder ately susceptible: VIR moderately resistant 
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inhibitor were operative. This was not the case. 


Alternatively. the relation of amount of infection, as 


measured by number of uredia per cm*, to inoculum 


jensity may have been influenced by interaction be- 
n ‘ 
tween host and parasite, or by inhibition resulting 


ition ‘ 
from mutually antagonistic metabolites 
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It should be pointed out that doubling inoculum den- 
sity at the peak of the inoculum potential curve, re- 
sulted in no additional numbers of uredia. 

Comparative analyses were made between amount of 


infection as measured by number of infection foci pet 


cm- and uredia per cm*. Analysis of data indicated 


‘ 
4 oe 


on ot 
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uredospore initials and the coalescing nature of infection foci 





10) duced at high inoculum 


Uredia pre 


densities 
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that the number of edia per em= may not be as — presence of chloronemic areas surrounding each ured), 
reliable a measut f infection as is the number of — um; therefore, only 1 uredium was present on each 
infection foci per « 2.55 mm- of leaf surface. 
Infection type é » have been affected distinctly : , ; 
\ ee DrEPARTMENT OF Botany AND PLANT PATHOLOGY 
yy Varying inoecul I \ ith the application © 
| | CoLorabo Stave UNIVERSITY 
large numbers of uredospores per cn ot leat surtace Fort COLLINS Covomano 
the leaf became very chloronemic. The numerous uredia , 
‘SI ing trom the ntectiol Wwe! I overishe é 
resulting ! vere impoverl ied and LITERATURE CITED 
appeared underdeveloped Conversely, when only a 
P 955 | =f ” } 
eo few uredospores were applied per cm*= of leaf surface 1. Atten, P. J. 1955. The role of self inhibit rin the 
T ' germination of rust of uredospores. Phytopathology 
the uredia resulting were large and well nourished 13: 259-266. 
It therefore ippears that the qualitative aspects ol 2 Auren. P. J. 1957 Properties of a volatile fraction 
pathogenicity were influenced by quantitative dif from uredospores of Puecinia graminis var. tritiej 
ferences in inoculum de t\ affecting their germination and development, | 
P Calculat P+ ; . it Biological Activity. Plant Physiol. 32: 385-389 
alculation 0 eor il maximum numbers o —* 
. . ’ BELL. F. H. 1951. Distribution ot hyphae ot several 
fection foci and ured per ecm- enabled the author to plant pathoge nic fungi in leaf tissue. ( Abstr.) 
ascertain the limits within which inoculum densities Phytopathology 41: 3 
should be confined ese limits were based on the } Dorrkecr, L. W.. ano J. H. Parker. 1920. Comparative 
following calculations observations mn Age ol ea — E. Sa = Sten 
‘ sts oO Pn) | > 0 y J ) g esearch 
I irst no more that el tule was obse rved to 7 “wy om ef _—- = , - h 
’ : . : . Bull. 62. 
enter a given stomate Since there were about 3300 >. Heatp, F. D. 1921. The relation of spore load to the 
' stomates per ¢ f leaf surface, this latter figure set per cent of stinking smut appearing in the crop 
" : > 969.978 
the upper limit for the <imum number of stomatal Phytopathology It: 269-278. 
6. Mircern, W. E. 1951. An evaluation of methods of 
penetrations, and hence. the maximum number of in 
studying the relation of inoculum dosage to infee 
fection foci However it high inoculum densities. tion in cereal rusts. Unpublished Ph.D. thesis, West 
precise measurement vere difhcult and the number of Virginia University, 
w ; - ' 
A infection foei could t he determined accurately. 7). Perersen, L. J. 1956. A method for observing stomatal 
’ : ! " ) > ) edospo ue bes o ‘ j 
Thus. it is not Know! | ther this maximum was evel penetration by sat d “ ~ germs sae Puceinia 
hed graminis f. sp. tritici. Phytopathology 46: 581-582, 
reached, ; » , > = 
ener 8 Rowe, J. Bo ann C. R. Onten. 1957. Controlled 
Secondly iwowsa ’ possibility for more than inoculation of wheat seedlings with urediospores of 
a certain number of uredia of a given size to occupy Puccinia graminis var. tritici, Phytopathology 47; 
a given area of leaf surface kor example, no more 600-090, 
9, STAKMAN, E. C., M. N. Levine, anno W. Q. Lorcertne 
than 100 uredia 1 mn n occupy | em- of leaf sur , ’ ’ . : 
Ty 1944. Identification of physiologic races of Puccinia 
face. This maximum was not reached in the final graminis tritici. U. S. Dept. Agr. Bur. Entomol. 
series of experiments t it did serve to establish a Plant Quarantine ET Series E, No. 617. 26 p. 
theoretical upper fin for disease incidence In this 10. Weinnonp, A, R. 1955. Rate of fall of urediospores of 
study, 40 uredia pet of leaf surface was the Puccinia graminis tritici Erikss. and Henn. as af- 
. " | , _ fected by humidity and temperature MS. thesis. 
um observed e difference b oretic: 
ae Se ence between tneoretica Colorado State University, Fort Collins, Colorado 
and observed ilues wa lieved to be due to the 104 Pp 
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ARTIFICIAL INOCLULATIONS OF PINI 


AND SPRUCE TREES WITH 


ARMILLARIA MELLEA ! 


R. F. 


Patton and 


A. J. Riker 


SUMMARY 


nellea attacked and killed apparently 
10-year-old 


{rmiuliaria 
healthy. vigorously growing trees in 
coniferous plantations in Wisconsin, with no indica- 
tions that other agencies weakened ot predisposed 
the trees to infection. Red. white. and jack 
ind white spruce grown in pots, and red and white 
artifically 


pines, 


pines In plantations, were inoculated. 


Inoculum was prepared by growing the fungus a 
few months in glass jars on sterilized pine root 
segments of 142-26 in. Size appeared unim 
portant as a factor in rhizomorph production or in 


fection. Experiments on potted trees were ended in 


55 months. or earlier. The fungus was alive in 83‘ 
of 82 inoculum segments 10-35 months after they 
were placed in the soil. Rhizomorphs were pro- 
duced by 68 of the inoculum segments in less 


at least 30 months. Of 79 inocu 
lations that included 128 potted trees, 41 resulted 


in infection of 58 trees within 12 


than 12 months to 


35 months. ¢ 


inoculations showed that 4 isolates from different 
suscepts were capable of infecting species other 
than those from which the isolates were obtained 
Of 79 inoculated red and white pine trees in 8-10 


infected in 27—96 


Twenty-five inoculum segments produced 


year-old plantations, 21 became 
months 
but in 4 cases rhizomorphs did not 
Where 
resulted. 


( onsiderable 


rhizomorphs, 


contact roots. contact occurred, infection 


The 


variation in 


invariably inoculum used showed 
the time 
rhizomorph development and subsequent 


and in the field 


required tor 
infection 
of the trees both in the greenhouse 





The death of trees, singly or in small groups, in 


young plantations of pine and spruce was noted in 
various areas throughout central and northern Wis 
consin. Examinations showed that most of them were 


iffected by root and collar 
mellea Vahl ex Fr \ 
epide miology ol this organism Was needed both 

} 


doubts of its 


rot incited by Armillaria 
pathogenicity and 


because 


study of the 


of its prevalence there and reported 


ibility to act as a primary pathogen 
Phe part that 4. 


has not been well understood 


decadence of 


Phe deg 


mellea plays in the 
forest trees 


of pathogenicity of the organism has been a point of 
considerable discussion (12, 13 
; Was considered by 


that 


The primary method of infection 


nost workers to he by 


means of rhizomorphs 
collar Critical 


done by Day 


work on 


(12) 


penetrated the root or root 


he mode of infection was ind 


Thomas (25). in both of which mode of entrance and 
subsequent development were described Infection 
by contact with other diseased roots or rotting wood 


another mode of infection (7. 1] 


noted as 


Different types of inoculum for artificial inoculations 


with 4. mellea have given rather variable results. Most 
successful have been cultures growing on root seg 
nents or wood blocks. Brefeld (6) grew A. mellea 
in pure culture and used the culture in inoculating 
tree-root segments. In 1887 Savastano (14) obtained 
no intection in 2 vears after pieces of infected wood 
had hee placed on the ground or in the soil with 
potted plants. Using cultures of 4. mellea on small 
twig segments. Reitsma (24) failed to infect various 
l- and 2-vear-old tree seedlings or several herbaceous 

\ pted for publication April 14, 1959 

r shed with the approval of the Director of the Wis 
onsin Agricultural Experiment Station. Acknowledgment 
is made to the Wisconsin Conservation Department for sup 


port ind cooperation, and to E. H. Herrl 


Thomas (25) employed inoculum blocks pro 


species 


duced by culturing the fungus on segments of fruit 
tree prunings autoclaved in battery jars with watet 
The inoculum was placed 5-6 in. below the soil sur 


planted 
resulted 


face, and seeds of fruit and walnut trees 
Infection of 


root 


were 


in the upper 2 in seedlings 


Naturally infected segments | ft. long were used 


similarly by Leach (21) in causing infection of tea 
seedlings. Plakidas (22) successfully inoculated un- 
distur} ed peal trees with cultures at ¢ litoc vhe talhe s 


(Fr.) Bres.. 
abundance from thick pieces of pear wood 
3. 4) 


trees 


cens which rhizomorphs in 
Bliss (2 


fruit 


produc ed 


living 


( oolev Y). 


a similar technique to infect 
mellea in 7-14 
however, using essentially the same technique, obtained 
negative Van Vloten (26) infected oaks 


18 months. In 1942 Baker (1) reported methods 


used 
with 4. months 
only results, 
in 9 
for producing wood inoculum blocks infected with 4 
but 
in the field and in the greenhouse led to only a few 
(17) 


and infection by rhizomorphs produced from cultures 


mellea; inoculations of western white pine trees 


infections. More recently (,arrett studied growth 


n small willow-shoot 


1 segments 

Cultures growing on the more usual laboratory me 
dia have been used by several workers (10, 22. 23). 
but. except for infection obtained by Guyot (19) in 
pine end acacia with rhizomorphs developed on a 
medium of chestnuts or acorns mixed with agar and 
water. none of the ordinary substrates were of any 
value in producing infection 


rhe potency of inoculum de je nded on the presence 


of adequate food reserves in the wood (3). It seemed 


necessary that the fungus become established on a 
substrate that could seTve as a food hase ior a con 
siderable period until it could send out new rhizo- 


Only a woody substrate 


was durable enough to produce new 


morphs and infect a new host 
rhizomorphs in 


the soil. Leach (21). as well as others. suggested that 
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only actively growing rhizomorphs could infect a living 


suse ept. 


From the above if ippe ired necessa’ry to develop 
a dependable artificial inoculation technique that 
would give consistent results in both greenhouse and 


inoculation reported here were an ap- 


Howeve r. the une xpected|y 


field. The 
proach to this end 


long 


time required to follow their progress delayed further 


refinements of the method The observations have 
additional relevance in view of the increasing signifi 
cance of root diseases in the rapidly increasing acre 


age ot torest pl intations in this country 
MATERIALS AND METHODS.—Inoculum was prepared 
with pine root segments on which A. mellea had been 


Healthy root 


woratory segments were 


grown in the la 


obtained from living or from freshly cut white and 


red pine trees mostly averaging about | in. in diameter 


and 6 in. long. After the root segments were washed. 


some were autoclaved in water at 15 psi for as long 


as 4 hours: others were steamed in water for | hour. 
The segments were then placed in l- and 2-quart 
fruit jars, several to a jar, together with 25 g of Camp 
hell’s “C™ medium (8) This “starter” medium con- 
sisted of 35 g pine sawdust. LOO Quaker oats, and 
100 g¢ corn meal, moistened with l¥o°, malt extract 
solution Jars containing the seaments and _ starter 
medium were sterilized in the autoclave and inoculated 
with a pure culture of 4. mellea Jars were loosely 
capped with rings and lids and incubated several 
weeks or months at room temperature in the dark. 
The isolates of A. mellea used for inoculations were 


chosen for their ability to produce rhizomorphs in cul- 


ture. They were: A-WP. from a mycelial fan in the 
root collar of a 5-foot white pine: A-JP. from wood 
of a resinous lesion on a root of a 5-foot jack pine: 
A-RP. from mycelium in an incipient infection at the 
root collar of a 7-foot red pine: and A-O. from a root 


of a large dead red oak 


Potted red, white, and jack pines. and white spruce 
were inoculated. The jack pines were 2-vear-old seed- 
lings: the others were 4-year-old transplants. Several 
months before inoculation most of the trees were 
potted in Plainfield sand. and a few in a sand-loam 
mixture. At the time of inoculation. roots were grow- 
ing but tops were dormant. When inoculum was ready, 
the mass of roots and soil was removed from the pot as 
a unit. With some trees, soil was removed from a few 
of the roots and an inoculum segment inserted among 
them. The tree was repotted and soil was gently 
firmed around tl inoculum With other trees, the 
root-soil ball was carefully knocked part way out of 
the pot: the inoculum was inserted along one side 


toward the center. and the soil hall 
is added if 
little 


The inocu 


pressed gently in 
then replaced In the pot dditional soil » 
There was 


ne thod 


necessary to fill in any ait 
th either 


spaces 


disturbance to the roots w 


moved outdoors and fully exposed to 


Hand 


when necessary. [n the 


lated trees were 


rain watering rainfall 


sun and supplemented 


mulch of trees 


winter the pots were buried in 
sand and covered with a 


straw All 
came through the winters in good condition, except a 
few whose tips had heen nipped off by rabbits For 
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determination of results the soil was washed from the 
roots with a fine spray of water. Penetration of a roo 
was usually indicated by resin flow at the site of at. 
tachment of a rhizomorph to a root, and successfy 
fungus invasion of a root was indicated by the pres 
ence of typical dense white mycelium in the cambium 
region. 

Trees in 8- 
white pine were also inoculated. 
plantations near Madison, Wisconsin 
Juneau County four miles west of Necedah (central). 
Area. 


Inoculum segments on which the fungus had 


to 10-year-old plantations of red and 
Plots were located jp 
(south), ip 
and in the Machikanee Forest in Oconto County 
(north). 
grown for 3 months in the laboratory were 6 in. long 
1%, l. and 


in. In one side of the tree. soil was removed from 


and grouped into 3 diameter classes 
around the root collar and the main lateral roots for 
l-foot 
inoculum segment was placed beside a lateral root, 
The seg. 


ment was packed in place with soil. and the roots were 


about a radius. If the tree was healthy. the 


usually with one end near the root crown. 


rec overed. 
field inoculations 


trees except 


Controls for both poet and were 
treated the 
autoclaved root segment was used in place of the in- 


Other controls 


same as inoculated that an 
oculum segment carrying the fungus. 


were trees whose roots had not been disturbed since 
the trees were first planted in the pots or in the field 
EXPERIMENTAL RESULTS. potted 


1) Condition of inoculum. 


Inoculation of 
trees, The inoculum se g- 
ments. during their first 2 or 3 months in the jars. were 
covered with thin wefts or even mats of white to brown 
mycelium. Sometimes the bark of the root segments 
supported only sparse mycelial growth, although thick 
mycelial mats were quickly established between the 
bark and the wood. 
long often emerged at the ends of the segments be- 


bark 


posure in air or after exposure in the soil the exposed 


Frills of mycelium up to 14 in 


tween the laver and the wood. On longer ex- 


mycelium changed to a dark brown to black. rather 
brittle crust-like covering. the xvlostroma (8 The 
wood of the infected segments remained firm even 
after the fungus had grown on them for 6 months, 


Such infected root segments, after exposure of 1-3 
vears in the soil, were soft and thoroughly permeated 


Mme lle ad. 


somewhat 


by mvecelium of A. The wood was wet. stringy, 


and gelatinous. and vellowish-brown In 


wood and mycelium 


honevy-colored 


idvanced stages of decay the 


formed a pulpy mass. often bathed in a 
liquid, and isolated within the shell of outer bark by 


the dark crust-like covering [solations on 2°, malt 


agar from such pieces usually gave pure cultures of 


{. mellea: no other fungi were isolated. but bacteria 


were sometimes present. 


The fungus survived well in the root segments. Of 


2 reot pieces of various sizes, the fungus was alive 


Q 
o 
Rhizomerphs were pro- 
and by 8 


in 83 after 10-55 months. 
duced by 68% 
that 
large rhizomeorph 


vv 


of the inoculum segments. 


of those remained alive. On some segments a 


from a single 


On others. however. rhizomorphs 


network developed 
point of emergence. 


sometimes emerged from several points. 
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Small root segments, from less than 14 in. to about 


1» in. in diameter and about 4 in. long, supported the 
fungus almost as well as larger segments. After 10 


such inoculum segments had been in soil for 15-35 
months, the fungus was still alive in all. Nine pro- 
duced rhizomorphs in varying abundance. 

a) Small inoculum segments, series 1.—The first 
series of inoculations was a trial of relatively small 
sized pieces. twig and root segments from red, white, 
and jack pines, and twigs of apple trees, all 44—%e in. 
in diameter and 4 in. long, incubated 5 months with 
the white pine isolate A-WP. Potted red, white, and 
iack pines. and white spruce were inoculated. 

\ detailed examination was made of the roots and 


(Table 1). 


One tree was examined 154% months after inoculation 


inoculum segment for each inoculation 
Rhizomorphs up to 2 in. long had been produced, but 
no attachments were made to roots, and the tree was 
not infected. Eight of the 9 remaining trees. examined 
after 3142 months (one after 35 months). were  in- 
fected. though none showed secondary symptoms on 
the upper parts. The inoculum with the tree not 
infected had not produced rhizomorphs 

bh) Large inoculum segments, series 2.—The pine 
root segments used in this series, much larger than in 
series 1. were 34-2 in. in diameter and 5-6 in. long. 
One isolate from each of the 3 pine spec ies and one 
from oak were tested, Most of the inoculum was 
months old. with a few additional segments 3 and 6 
months old. The 36 inoculations, involving 45 trees 
more than | per pot in a few instances), included 
the 3 pine species and a few white spruce (Table 1). 


Rhizomorphs Y.—-] in. long had been produced on 2 
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the earliest that rhizomorphs were observed to have 
formed in any of the experiments. 

The earliest that symptoms of infection were de- 
tected on top parts was 12 months after inoculation; 
the first tree killed by A. mellea died 14 months after 
inoculation. Most of the remaining trees were ex- 
Of 36 inocula- 
Except for the 1 tree killed, in- 
fections on the other trees had not progressed far 


amined 31 months after inoculation. 
tions, 19 were positive 


enough to produce secondary symptoms on the tops. 

Cultural characteristics of the isolates on 20% malt 
agar were compared with their appearance on the in- 
Although differences in mat and 


rhizomorph characteristics appeared among the isolates 


oculum segments. 


in culture, no differences could be detected in diameter 
or appearance of the rhizomorphs produced from the 
inoculum segments, or in the decay of the root seg- 
ment itself, 

Cross-inoculations with isolates from different sus- 
cepts showed that the oak and pine isolates used were 
capable of infecting trees of species other than those 
from which they were isolated. 

White 


pine sapwood from the basal trunk section of a newly 


c) White pine sapwood blocks, series 3. 
cut tree was cut into blocks 141146 in.. some with 
the outer bark still attached to the tangential face of 
the block. 


150°, of the dry weight, and after sterilization in the 


Moisture content was adjusted to 125 


autoclave, the blocks were inoculated in jars with the 
white pine isolate of A. mellea. Growth of the fungus 
on these blocks was poor, and after 1 month's incuba- 
tion only 2 of the blocks, with a thick mycelial mat 
beneath the bark, appeared worth trying as inoculum. 


inoculum segments examined after 10 months. This is The 2 inoculated potted white pine trees were ex 
Tani ] Summary ot results of tnoculating potted trees with Armillaria mellea 
Final condition of inoculum 
Success Segments 
Total ful Trees that 
Ave of inocu inoecu inocu lrees produced 
latior [ype of inoculun lations lations lated infected Living rhizomorphs Dead 
series inoculum Isolate months) ino.) (no) (no.) ino.) (no.) (no) ino.) 
Small 
seyments \-WP ) 1 8 10 ba 10 y 0 
2 Large 
-egments \-WP 6 ; ; ; ) ( 
A-WP } } } ; 4 ; () 
A-WP | 2 12 2 5 ; 
A.JP ) ) 4 f) 9 1 > 
\-RP 6 8 6 8 8 0) 
1-0 ; 13 9 { 
Sanwo 
wks 4.WP =: 0) 2 ? | 0) 
} Old 
noculum A-RP ) ) | | | | 
) Old 
noculum \-WP 3 0) l 0) 0 0) 
A-0 4 | l | l | () 
f Old 
ihut \-RP 22 | 1 0 } | ] 
Large 
segments A-WP }! PA 12 60 29 20 14 0 
Totals 79 1] 128 38 67 6 14 
Successful inoculations were those in which one or more trees included in a pot with an inoculum segment became in 
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amined several te In one block. removed 
from the soil after | ont the fungus was still alive 
in a small te et of agecay vyhereas the re- 
mainder of the | ® eared sound No rhizomorphs 
had formed The s« 1 culum block was examined 
ifter 28 mont i rphis, some n to 3 in. long 
ind it eve a though the 
block wa : i ed the stage 
of decay seel tf segment muried tor about 
the same yeriod \4 lachmel id et formed on 


1) Old § i f 
This group of ¢ f ents was composed of trials 
with inocu ! . é that were | 6 or more 
months old Res I ( lmmarized lable | 

In serie Lt cold) oineculu -eoments 
were used to inoculate tted red pine transplants 
Cultures fror ment. rey sentative of 
Lhiose used fol , showed the fungus still 
ilive in this se f e wood was still rather firm, 
but thoroughly 4 1 by yer " kor controls 
>} additional s , re first autoclaved to kill the 
lungus and the | i wil » additional red pine 
trees. Exan ti trees after 17 months showed 
lo of the tree te fected. with lesions where 
rhizomorphs 1 penetrated on a number of the 
smaller roots, 1-2 n diameter. Rhizomorphs were 
appressed to the 0 lar it none had penetrated 
in this re Phe is in the other 4 inoculum 
segments was d i i id not or nated rhizo- 
morphs Comparis t the extent of decay in these 
and in the control se ents indicated that the fungus 
had lived in the inoculum segments for several months 
after they had been placed in the soil 

In series 5 only 2 pieces of old inoculum were used. 
one of isolate A-WP a me of isolate A-O. Both had 
incubated ir il lor 6 onths, and in soil for 17 
months Rhizomorp! vere present These were re 
moved and the segments potted with red pine trans 
plants After anothe i{ months the first, a segment 
} in. containir late A-WP. was practically an 
empty shell of bark fungus was dead and no 
additional rhizomorphs had been produced. From the 
second segment ibout twice the size ot the first. at 
least 2 new rhizomorphs had developed from the soft. 
pulpy inoculum. Several small roots on the tree were 
separately infected. and a firn ittachment was estab 
lished on the main ste ist above the root collar. 

Series 6 was test f inoculum segments of isolate 
A-RP that had en rise to rhizomorphs during 22 
months in soil w potted trees. Segments were soft 
ind in an advanced stage of decay. Rhizomorphs were 
broken off when s vas washed away Four trees 
inoculated with these nfected root segments were 
examined, one after 7 months, the others after 12 
months. No new rhizomorphs had grown from. the 
segments, and the trees were not infected. The fungus 
was dead in one se t block. but still alive in the 
other 3. 

e) Inocu at , j ’ seediings tron fitfterent 
sources, Serles letermine whether seedlings 
crown under different nditions showed differences in 


susceptibility. a number of 2-year-old jack pine seed. 
lings from 5 different sources were inoculated. Natural 
reproduction and seedlings from 4 different nurseries 
were included. Each of the 5 groups had been grow, 
under different conditions of soil fertility. Definite 
differences in size and type of growth appeared among 
the groups of trees. Long betore the experiment was 
discontinued. however. all initial growth differences 
imong the different groups of stock had vanished. 

Inoculations were made on trees that had bees 
potted in the spring and held in the greenhouse unt] 
September, when the 416-month-old inoculum - seg. 
ments were added to the pots Twenty trees from 
each source were planted in Plainfield sand in 5 8-in 
t=. d trees per pot. Four pots of each type of stock 
were inoculated. each with a single inoculum segment 
ind | pot with an unintected root segment served as 
a control. A few of the trees from each source died 
during the first winter. so that only 60 trees (1]-] 
from each source) were “available” for  infeetiop 
rather than the 80 initially potted with inoculum seg 
ments, 

Half the trees were examined 24 months after in 
oculation. and the rest 3 months later. \ total of 29 
trees were infected (Table 1). These infections re 
sulted from 12 inoculations embracing a total of 38 
trees in the 12 pots. Failure of infection in the other 
8 pots was the direct result of failure of the inoculum 
to produce rhizomorphs or, in 2 instances, of produc 
tion of only a few small rhizomorphs next to the side 
of the pot where no contact was made with the roots. 
The 9 healthy trees of the 38 that could have been in 
fected were apparently chance escapes. Rhizomorphs 
had not reached the roots of several of the trees. Fine 
lateral roots of others were intermingled with  rhizo- 
morphs, but the latter had not become attached so that 
penetration might occur. This same situation was en- 
countered with some of the inoculations of the other 
experiments, 

No difference in susceptibility could be noticed 
among the trees from the different sources. 


) 


initial points of penetration by rhizomorphs of A. 


| Parasitism of A. mellea on potted trees.—The 


mellea on the 58 infected trees were: stem above root 
collar. 11 trees: root collar. 16 trees: main roots 2 mm 


or more in diameter. 27 trees: and small roots 1 mm 


— 


Fig. 1. Infections resulting from artificial inoculations 
with Armillaria mellea. A) Typical infection of a potted 
red pine. White mycelial fans (a) are visible beneath the 
bark on the stem. Masses of resin-infiltrated sand (b) with 


associated rhizomorphs (c) surround infections at the root 


collar and on a lateral root. B) Mycelial fans on lateral 
roots of 5-in. (at base) white pine of infections 5 years 
after inoculation, initiated by rhizomorphs from the inocu 
um segment shown in its original position beneath a 
lateral root. €) Typical isolated lesion on a lateral root 
about 3 mm in diameter, with associated rhizomorph net: 
work. D) Incipient lesion on a small lateral root (a) of 
a potted pine, and point of penetration (b) to cambium 
from rhizomorph attached to the tap root. E) Rhizomorphs 
(a) and point of attachment and infection (b) on a pine 





about '»2 mm in diameter. 
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September, 


in diameter, 4 trees (Fig. 1-ACDE). Rhizo- Symptoms were similar to those on naturally in- 
—_ ameter, 
se , vled with roots 1 mm or 
orphs were closely intermingled with ro ‘ fected trees in pine and spruce plantations. Various 
in diameter on over 30 trees without becoming at- 


stages of infection were found, from an early stage of 


A 
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penetration into the bark of the stem to trees girdled Forest. 34°7 of 32 trees. 
and killed by the fungus. Death of trees girdled at Phe major factor influencing infection was, of 
or above the root collar usually ensued rather sud- course, the behavior of the inoculum. This also jg 
denly. before the fungus had spread into the root sys- | summerized in Table 2. No marked differences ap. 
tem and before any other secondary symptoms, such peared among the 3 sizes of segments. either in ability 
as foliage vellowing or growth reductions. could ap- of the fungus to live in the root segments or in the 
pear. production of rhizomorphs from the segments. Some 
The longevity of an infected tree seemed to depend of the segments produced only one or a very few 
; primarily on the location of the lesions, as noted pre rhizomoerphs, which branched little or not at all 
. viously by Bliss (4 Secondary symptoms on the From others a rather extensive network of branching 
parts above ground did not appear unless the main — rhizomorphs emerged. 
stem or root had been infected directly by rhizomorphs Infections resulting from the inoculations wer 
Progress of lesions on the roots was extremely slow, — typical incipient infections of A. mellea, in all respects 
: and in none of these trees had mycelium invaded the resembling many of the naturally infected trees seen jn 
root collar region from an infected root by the time — plantations. Most of the infections had occurred at 
the experiments were terminated. Localization of in- the reot collar, although separate penetrations had oe. 
fections on the roots was associated with resin barriers. curred on some of the trees on one or more of the 
An abundance of rhizomorphs emerged from many _ lateral roots near the inoculum piece 
of the isolated lesions on roots (Fig. 1-C) as well as Infection from inoculum occurring naturally in the 
from infections on the stem and root collar. Branching area was encountered only in the Machickanee red 
, of rhizomorphs appeared to be stimulated at the point and white pine plots. In 2 instances, rhizomorphs of 
’ of penetration. In all these trees the fungus was active natural origin were present in the soil when examina 
primarily in the cambium region and had not yet tions also disclosed infecting rhizomorphs from. the 
hecome well established, if at all, in the woody portion inoculum segments. On one tree, separate infection 
of the roots points were found on the root collar for rhizomorphs 
Inoculation of trees in plantations._\In the 3 loea- — of natural origin and for those from the inoculum seg 
tions, 42 red pines and 37 white pines were inoculated. ment. In the other, only the rhizomorph from the in- 
Of these. 9 red and 12 white pines became infected; —oculum segment had formed attachments and caused 
since no differences in susceptibility or response to infection. Natural infection also occurred on 2 other 
the inoculation were noted, the 2 species were grouped — inoculated trees and 1 control tree. When this infee- 
for all subsequent analyses of results tion was discovered, the inoculum (which had not yet 
Some or all of the inoculated trees were examined — produced rhizomorphs) was removed and used with 
at intervals. Except for a few samples. most of the other apparently healthy trees. 
inoculum segments remained undisturbed for 48 Top symptoms were produced on only 1 of the in 
months, at which time all but 5 were checked after  oculated trees. This white pine tree had yellowing 
being carefully excavated. Many of those still in good foliage and was obviously dying one fall. 39 months 
condition were replaced for a further period. Progress after inoculation. when trees were being examined for 
of the inoculations, as indicated by these intermittent top symptoms without excavation of inoculum. In this 
examinations, is summarized in Table 2. Of 79 trees case the roots were carefully uncovered and_rhizo- 
inoculated. 21 became infected. rhe percentage of in- morphs traced from the inoculum segment to the root 
fections in the 3 plot locations was: Madison, 18¢% of — collar. where the fungus had penetrated and become 
ll trees; Necedah, 22 of 36 trees: Machickanee — well established with mycelial fans girdling the entire 
Taste 2. Progress of field inoculations with A. mellea 
inoculum segments Condition of segments 
No. inoculum 
No. months segments in % with No. 
after inoculatior the soil No. examined No. replaced % living rhizomorphs infections 
12 79 } 0 67 0 0 
14 6 1 l 50 0 0) 
Zi £ 9 > 67 ll l 
39 69 l 0 100 100 ] 
8 68 63 22 65 22 1] 
63 27 97 1] 89 7 
O% 1] 8* (b 100 25 ] 
106 } 0) 33 4S 0 


Summary 


12-106 9 79 61 32 2] 
The 3 other trees. examined for top svmptoms, looked healthy: the inoculum blocks were not disturbed. 
Inoculum: block is only partially uncovered when rhizomorphs. one leading to an infection site on the root collar, 
vere seen: the block i ett in place ind re-covered with soil 


The fourth block . footnote b) was not disturbed. Progress of the infection is being watched. 
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root collar. The tree was then removed for detailed 


examination. 

Phe rapidity with which such trees can be killed 
by 4. mellea was emphasized by the progress of some 
natural infections. One of the red pine trees was killed 
by a natural infection with A. mellea 14 months after 
it had been examined and found healthy, at the time 
the inoculum segments were being placed in the soil 

July. 1948). 
short needles in the spring of 1949, and died sometime 


The tree produced small shoots and 
hetore September Another tree, one of the white pine 
controls. had no top symptoms in the fall of 1951. but, 
after natural inoculation, died in the summer of 1952, 
atter crowth of stunted shoots and needles in the 
spring 

Most infections took place at the root collar. but 
lateral roots near the inoculum blocks were also at- 
tacked sometimes One tree, for example, had well 
established infections on 2 of the main lateral roots 
over 1 in. in diameter from which the mycelium was 
heginning to invede the root collar (Fig. 1-B). as 
well as incipient infections on some of the smaller 
laterals. All this had taken place between the time 
when the tree and inoculum were first examined, 48 
months after inoculation, and the second examination. 
15 months later. or 63 months after inoculation. 


Since plantations are becoming in- 


DISCUSSION. 
creasingly important in the forest economy of the Lake 
States region, it is well to recognize that A. mellea 
ean act as a virulent primary pathogen in such stands 
The potential threat that this and other root rot fungi 
hold for plantation forests is an important considera- 
tion in future planning. The fungus has been reported 
is generally present in forest soils throughout the 
region. In many plantations rhizomorphs were found 
intimately associated with the roots of planted trees, 
and vet, infection was often limited to only a few seat- 
tered trees. Many of the discrepancies in reports on 
behavior of this fungus in the field must be clarified 
through fundamental studies of the pathogenicity of 
the fungus and the epidemiology of the disease it 
incites. A reliable inoculation technique is basie to 
much of this work. The inoculation trials described 
show that the tyne of inoculum used results in con- 
siderable variation. 

The viability of the fungus in the inoculum segm nts 
varied considerably. Perhaps the greatest surprise 
was the long time that the fungus continued to live in 
inumber of the blocks without producing rhizomorphs. 
The critical factor in the maintenance of viability 
seemed to be that the fungus be well established in 
e root segment before it was buried The age of 
oculum did not 


' 


appear important per se, but blocks 
nad once produced rhizomorphs were not depend- 
ible. The size of the inoculum segment was not critical 
ther. Perhaps the size of the inoculum segment is 
mportant in its effect on the inoculum potential of 
neous, as dis ussed below. 

lhe factors thar influence the development of rhizo 
morphs by 4. mellea are little known. F xperience has 
shown that a woody substrate must be used to produce 


Bothe (5) 


ntecting rhizomor phes 


reported that de- 
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velopment of rhizomorphs appeared to depend on the 
nutrient content of the substrate and its permeability 
to oxygen. A temperature influence was noted by 
Bliss (4), who found that the largest development of 
rhizomorphs, both in number and length, occurred at 
to 38°C. 
\ starvation hypothesis was proposed by Napper (18), 


the lower temperatures in a series from 7 


but Bliss (3) suggested that the fungus must become 
established on a durable substrate with adequate food 
reserves in order to produce rhizomorphs and cause 
The findings of Hamada (20) and Garrett 
(15, 16) have resulted in the rejection of Napper’s 
Garrett (16) confirmed Ha- 
mada’s results and concluded that rhizomorph forma- 


infection. 
starvation hypothesis. 


tion depends upon a carbohydrate-nitrogen interaction 
in the substrate. lt appears most likely that the varia- 
tions in rhizomorph formation observed in the present 
experiments were due to differences in the carbohy- 
drate-nitrogen ratios in the inoculum segments, in 
which control of the nutritional content was not pos- 
sible. Differences in the time of rhizomorph formation 
possibly depended on the time when a critical carbohy- 
drate-nitrogen ratio was attained. Rhizomorphs might 
have formed on many of the inoculum segments that 
were removed from the soil and not replaced. 

The differences in the amount of infection observed 
in the three plots could be due to many factors, none 
of which were examined in this preliminary study. It 
is interesting that the infection percentage increased 
from south to north. The influence of the environ- 
ments in these plots, each in a different climatic zone, 
possibly coincides with the findings of Bliss (4) and 
the suggestion of Garrett (15) that rhizomorph pro- 
duction is greatest from infected material kept at 
lower temperatures, i.e.. under conditions most faver- 
able for conservation of carbohydrate reserves by the 
fungus. 

The element of chance in the time and place of con- 
tact of roots and rhizomorphs. noted by Bliss (4). was 
emphasized in the results of inoculations both in the 
greenhouse and the field. In these trials. where the 
food base was close to the suscept, infection always 
occurred wherever rhizomorphs contacted roots or 
stems that were 2 mm or more in diameter. A few of 
the potted trees escaped infection, either because no 
contact was made between root and rhizomorph or 
because no attachment to roots 1 mm or less in di- 
ameter occurred, the only roots of these trees with 
which contact was made. The consistent development 
of infection subsequent to rhizomorph contact with 
roots in these experiments is in contrast to the situa 
tion prevailing in the field. One explanation that sug- 
vests itself is the relationship between infection and 
the inoculum potential. 

The rapidity with which some naturally infected 
trees were killed in comparison with the apparent 
progress of infection resulting from artificial inocula- 
tion with a relatively small inoculum segment suggests 
that this may be due to a difference in inoculum poten- 
tial (1 
why many trees in intimate contact with rhizomorphs 
in the field are not infected. Thus. Garrett (17. 18) 


8). Possibly, too, this concept may help explain 
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suggested that the radius of spread trom a food base 
mav be greater than the effective radius for successful 
infection Moreover, the energy required for infec- 
tion and invasion of trees in a moribund state is prob- 
ably less than thet required for establishment in a 
normal. healthy tree The inoculum potential neces- 
sary for infecting a vigorous suscept may be such that 
only under certain circumstances Is this level rea hed 
under natural conditions. What these circumstances 
are remain to be determined, but it would seem that 


this factor of inoculum potential must be considered in 


interpreting the pathogenic behavior of 4. mellea in 


the forest 


DEPARTMENT OF PLANT PATHOLOGY 
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